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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

A throttle passage air-flow-rate presumption means to presume the air flow rate which passes this 
throttle valve using the model about the air which passes the throttle valve arranged in an internal 
combustion engine's inhalation-of-air path as a presumed throttle passage air flow rate, 
An inlet-valve passage air- flow-rate presumption means to presume the air flow rate which passes 
this inlet valve using the model about the air which passes the inlet valve which opens for free 
passage and intercepts said inhalation-of-air path and cylinder as a presumed inlet- valve passage air 
flow rate, 

It is inhalation air content presumption equipment in a cylinder of the internal combustion engine 
having an inhalation air content presumption means in a cylinder to presume the inhalation air 
content in a cylinder inhaled by said cylinder based on said presumed throttle passage air flow rate 
and said presumed inlet-valve passage air flow rate at least, 

with the air flow rate sensor which measures the intake air flow of this actual condition as a real 
intake air flow while generating the output value according to the actual intake air flow inhaled at 
said inhalation-of-air path The model about said air flow rate sensor is used. When it is assumed that 
said real intake air flow is said presumed throttle passage air flow rate, while presuming the output 
value which this air flow rate sensor will output An intake-air-flow presumption means to presume 
the intake air flow inhaled at said mhalation-of-air path based on the said-presumed output value as a 
presumed intake air flow, 

An amendment means to amend said inlet- valve passage air- flow-rate presumption means so that 
said presumed inlet-valve passage air flow rate may be amended based on the deflection of said 
presumed intake air flow and said real intake air flow, 

Inhalation air content presumption equipment in a cylinder of preparation ********** 
[Claim 2] 

In the inhalation air content presumption equipment in a cylinder of an internal combustion engine 
according to claim 1, 

Said amendment means is inhalation air content presumption equipment in a cylinder of the internal 
combustion engine constituted so that said presumed throttle passage air flow rate might be amended 
based on the deflection of said presumed intake air flow and said real intake air flow and said throttle 
passage air- flow-rate presumption means might be amended. 
[Claim 3] 

It has a cylinder internal pressure presumption means to presume the pressure in this cylinder by 
count using the model about said cylinder which is inhalation air content presumption equipment in a 
cylinder of an internal combustion engine according to claim 1 or 2, and was called for based on the 
energy conservation law, 

Said inlet-valve passage air- flow-rate presumption means is inhalation air content presumption 
equipment in a cylinder of the internal combustion engine constituted so that said presumed inlet- 
valve passage air flow rate might be presumed with the model about the air which passes said inlet 
valve which used the pressure in said presumed cylinder. 
[Claim 4] 

It is inhalation air content presumption equipment in a cylinder of an internal combustion engine 
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according to claim 3, 

The model about the air which passes said inlet valve which said inlet-valve passage air- flow-rate 
presumption means uses is inhalation air content presumption equipment in a cylinder of the internal 
combustion engine which is the model obtained based on an energy conservation law, a law of 
conservation of momentum, and the conservation of mass. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the inhalation air content presumption equipment in a cylinder of the 
internal combustion engine which presumes the inhalation air content in a cylinder inhaled in an 
internal combustion engine's cylinder based on the model (a simulation model, physical model) of an 
inhalation-of-air system. 
[0002] 

[Description of the Prior Art] 

In order to make into a predetermined value the air-fuel ratio of the gaseous mixture which burns 
with an internal combustion engine, it is necessary to calculate the amount (the following, the 
"inhalation air content Mc in a cylinder", and nominal ****.) of the air inhaled in this internal 
combustion engine's cylinder (the inside of a cylinder, combustion chamber) with a sufficient 
precision. Usually, an internal combustion engine's inhalation-of-air path is equipped with an air 
flow rate sensor, and the inhalation air content Mc in a cylinder is presumed with the output value of 
this air flow rate sensor. However, when throttle- valve opening changes a lot in time and an internal 
combustion engine is in transient operational status, it is difficult to calculate the inhalation air 
content Mc in a cylinder with a sufficient precision from the output value of said air flow rate sensor. 
Then, in recent years, the various attempts in which the value according to the inhalation air content 
Mc in a cylinder is presumed with a sufficient precision are made by using the model of the 
inhalation-of-air system expressed by the formula based on hydrodynamics etc. (see the following 
patent reference 1). Drawing 22 shows notionally what the applicant of this application is examining 
among such inhalation air content presumption equipment in a cylinder, and this inhalation air 
content presumption equipment in a cylinder is equipped with the electronics control throttle model 
M10, the throttle model M20, the inlet- valve model M30, and the inlet-pipe model M40. 
[0003] 

By the way, it decides, when an inlet valve closes the valve (inhalation-of-air valve-closing time), 
and the inhalation air content Mc in a cylinder has the relation proportional to the pressure in the 
cylinder in the time. Moreover, the pressure in the cylinder at the time of an inhalation-of-air valve- 
closing valve is the upstream of an inlet valve, and it can be considered that it is equal to the pressure 
Pm of the lower stream of a river of a throttle valve, i.e., the air pressure within inhalation of air, 
(pressure-of-induction-pipe force). The inhalation air content Mc in a cylinder is presumed from the 
air pressure Pm of inhalation of air which the inhalation air content presumption equipment in a 
cylinder shown in drawing 22 presumed the air pressure Pm of inhalation of air of an inhalation-of- 
air valve-closing time with models M10-M40, and was said-presumed from the above thing. 
[0004] 

If it states more concretely, the electronics control throttle model M10 will presume throttle- valve 
opening thetat of an inhalation-of-air valve-closing time. The throttle model M20 presumes the air 
flow rate (presumed throttle passage air flow rate) mt which passes a throttle valve with an energy 
conservation law, a law of conservation of momentum, the conservation of mass, and the model 
obtained based on the equation of state. 
[0005] 
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The inlet- valve model M30 presumes the intake air flow mc in a cylinder (presumed inlet- valve 
passage air flow rate) from the air pressure Pm of inhalation of air, the air temperature Tm of 
inhalation of air, an intake-air temperature Ta, etc. That is, since it is thought that the intake air flow 
mc in a cylinder is proportional to the air pressure Pm of inhalation of air as mentioned above, the 
inlet-valve model M30 calculates the intake air flow mc in a cylinder according to the one following 
based on a rule of thumb. 
[0006] 
[Equation 1] 

mc =(Ta/Tm) and (c-Pm-d) 
[0007] 

A proportionality coefficient and a value d are a value (this value is considered to be the capacity in 
a cylinder at the time of exhaust valve clausilium.) showing the burnt gas to which the value c 
remained in the cylinder in one above, hereafter, it is simply called "the amount d of burnt gases", it 
is . The inlet-valve model M30 has memorized the table (a look-up table, map) which specifies the 
relation between the closing motion timing VT of engine-speed Ne and an inlet valve the amount 
Lmax of the inlet-valve maximum lifts, etc. and a proportionality coefficient c and the amount d of 
burnt gases, respectively, and calculates a proportionality coefficient c and the amount d of burnt 
gases from the actual engine speed Ne, the actual inhalation-of-air valve-opening close timing VT 
and the amount Lmax of the inlet- valve maximum lifts, and said memorized table. Moreover, the 
inlet-valve model M30 applies the air pressure Pm of inhalation of air and the air temperature Tm of 
inhalation of air of an inhalation-of-air valve-closing time just before already being presumed with 
the inlet-pipe model M40 later mentioned at the operation time (newest) to one above, and presumes 
the intake air flow mc in a cylinder. 
[0008] 

The inlet-pipe model M40 presumes the air pressure Pm of inhalation of air of an inhalation-of-air 
valve-closing time using the throttle passage air flow rate mt presumed with the throttle model M20 
according to the formula based on the conservation of mass and an energy conservation law, 
respectively, and the intake air flow mc in a cylinder presumed with the inlet- valve model M30. And 
this inhalation air content presumption equipment in a cylinder presumes the inhalation air content 
Mc in a cylinder based on the air pressure Pm of inhalation of air of the inhalation-of-air valve- 
closing time presumed with said inlet-pipe model M40. 
[0009] 

[Patent reference 1] 

JP,6-74076,A 

[0010] 

[Problem(s) to be Solved by the Invention] 

In order that the applicant of this application may make small a steady error with the inhalation air 
content Mc in a cylinder presumed to be an actual inhalation air content in a cylinder as mentioned 
above and may raise the presumed precision of the said-presumed inhalation air content Mc in a 
cylinder to this kind of inhalation air content presumption equipment in a cylinder, it is examining 
adding the following observers (see the application for patent 2001-316350). 
[0011] 

Namely, the air flow meter which measures the actual intake air flow (real intake air flow) mtAFM 
inhaled at this inhalation-of-air path while this observer is arranged in an internal combustion 
engine's inhalation-of-air path (air flow rate sensor), The air flow meter model which is a model 
about this air flow meter is used. When said real intake air flow assumes that it is the presumed 
throttle passage air flow rate mt presumed with said throttle model M20, while presuming the output 
value which this air flow meter will output It has an intake-air- flow presumption means to presume 
the intake air flow inhaled at said inhalation-of-air path based on the said-presumed output value as a 
presumed intake air flow mtes. The presumed throttle passage air flow rate mt presumed with this 
throttle model M20 according to the deflection of the presumed intake air flow mtes and the real 
intake air flow mtAFM is amended. 
[0012] 

By having added such an observer, when for example, the presumed intake air flow mtes is smaller 
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than the real intake air flow mtAFM, only the amount [ air flow rate / mt / presumed throttle 
passage ] according to the deflection of the presumed intake air flow mtes and the real intake air flow 
mtAFM is set up greatly, consequently said air pressure Pm of inhalation of air of a throttle-valve 
lower stream of a river increases, the inhalation air content Mc in a cylinder increases. Similarly, 
when the presumed intake air flow mtes is larger than the real intake air flow mtAFM, the inhalation 
air content Mc in a cylinder decreases. Thus, a steady error with the inhalation air content Mc in a 
cylinder presumed to be an actual inhalation air content in a cylinder becomes small. 
[0013] 

However, when an internal combustion engine is in the throttle full open steady operation condition 
that throttle-valve opening becomes fixed at the maximum opening, the air pressure Pm of inhalation 
of air of a throttle- valve lower stream of a river is large even to a value slightly smaller than the 
pressure (namely, atmospheric pressure Pa) of the throttle-valve upstream. Therefore, it becomes a 
value (value which shows a back flow) immediately negative in the presumption throttle passage air 
flow rate mt which the air pressure Pm of the said inhalation of air will become immediately larger 
than an atmospheric pressure Pa if the air pressure Pm of said inhalation of air is made to increase by 
increase of the according to above-mentioned observer when presumed intake air flow mtes is [ that 
an internal combustion engine is in said throttle full open steady operation condition ] smaller than 
real intake air flow mtAFM presumption throttle passage air flow rate mt, and is presumed with the 
throttle model M20. Therefore, the air pressure Pm of inhalation of air of a throttle-valve lower 
stream of a river had the problem that a steady error with the inhalation air content Mc in a cylinder 
which the inhalation air content Mc in a cylinder did not increase, either, since it could not increase, 
consequently was presumed to be an actual inhalation air content in a cylinder may remain. 
[0014] 

Therefore, the purpose of this invention is inhalation air content presumption equipment in a cylinder 
of the internal combustion engine which presumes the inhalation air content in a cylinder inhaled in 
an internal combustion engine's cylinder based on the model of an inhalation-of-air system, and is to 
offer what can reduce effectively a steady error with the inhalation air content in a cylinder presumed 
to be an actual inhalation air content in a cylinder. 
[0015] 

[Summary of the Invention] 

A throttle passage air-flow-rate presumption means to presume the air flow rate which passes this 
throttle valve using the model about the air which passes the throttle valve by which the description 
of this invention was arranged in an internal combustion engine's inhalation-of-air path as a 
presumed throttle passage air flow rate, An inlet-valve passage air-flow-rate presumption means to 
presume the air flow rate which passes this inlet valve using the model about the air which passes the 
inlet valve which opens for free passage and intercepts said inhalation-of-air path and cylinder as a 
presumed inlet- valve passage air flow rate, An inhalation air content presumption means in a 
cylinder to presume the inhalation air content in a cylinder inhaled by said cylinder based on said 
presumed throttle passage air flow rate and said presumed inlet- valve passage air flow rate at least, 
with the air flow rate sensor which measures the intake air flow of this actual condition as a real 
intake air flow while the inhalation air content presumption equipment in a cylinder of preparation 
********** generates the output value according to the actual intake air flow inhaled at said 
inhalation-of-air path The model about said air flow rate sensor is used. When it is assumed that said 
real intake air flow is said presumed throttle passage air flow rate, while presuming the output value 
which this air flow rate sensor will output An intake-air- flow presumption means to presume the 
intake air flow inhaled at said inhalation-of-air path based on the said-presumed output value as a 
presumed intake air flow, It is in having had an amendment means to amend said inlet- valve passage 
air- flow-rate presumption means so that said presumed inlet-valve passage air flow rate may be 
amended based on the deflection of said presumed intake air flow and said real intake air flow. 
[0016] 

Even if said amendment means is constituted in here so that said presumed inlet- valve passage air 
flow rate presumed by said inlet- valve passage air-flow-rate presumption means may be amended 
directly, and the said inlet-valve passage air-flow-rate presumption means may be amended In case 
the said inlet- valve passage air-flow-rate presumption means presumes this presumed inlet-valve 
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passage air flow rate, in using a predetermined parameter (multiplier) It may be constituted so that a 
parameter predetermined [ this ] may be amended, this presumed inlet-valve passage air flow rate 
may be amended as the result and the said inlet-valve passage air-flow-rate presumption means may 
be amended. 
[0017] 

Moreover, it is suitable to also constitute said throttle passage air-flow-rate presumption means so 
that said amendment means may amend said presumed throttle passage air flow rate in this case 
based on the deflection of said presumed intake air flow and said real intake air flow and it may 
amend. Even if said amendment means is constituted also in this case so that said presumed throttle 
passage air flow rate presumed by said throttle passage air- flow-rate presumption means may be 
amended directly, and the said throttle passage air- flow-rate presumption means may be amended In 
case the said throttle passage air-flow-rate presumption means presumes this presumed throttle 
passage air flow rate, in using a predetermined parameter (multiplier) It may be constituted so that a 
parameter predetermined [ this ] may be amended, this presumed throttle passage air flow rate may 
be amended as the result and the said throttle passage air- flow-rate presumption means may be 
amended. 
[0018] 

According to these, as an amendment means amends a presumed inlet- valve passage air flow rate 
based on the deflection of a presumed intake air flow and a real intake air flow, an inlet-valve 
passage air-flow-rate presumption means is amended. Therefore, without making the air pressure Pm 
of inhalation of air of the above-mentioned throttle- valve lower stream of a river increase, as the 
column of the technical problem which the above-mentioned invention tends to solve described, 
when a presumed intake air flow is smaller than a real intake air flow It becomes possible to make 
the inhalation air content in a cylinder (Mc) inhaled by the cylinder which a presumed inlet- valve 
passage air flow rate (intake air flow mc in a cylinder) can be made to increase directly, 
consequently is presumed by the inhalation air content presumption means in a cylinder increase. 
[0019] 

Therefore, even if it is the case where throttle-valve opening has an internal combustion engine in 
the throttle full open steady operation condition which becomes fixed at the maximum opening and 
which was mentioned above, the air- fuel ratio of the gaseous mixture which can reduce certainly a 
steady error with the inhalation air content in a cylinder (Mc) presumed to be an actual inhalation air 
content in a cylinder, consequently bums with an internal combustion engine can be made into a 
predetermined value with a sufficient precision irrespective of the size relation of said presumed 
intake air flow and said real intake air flow. 
[0020] 

Moreover, above-mentioned one of internal combustion engines 1 inhalation air content presumption 
equipment in a cylinder It has a cylinder internal pressure presumption means to presume the 
pressure in this cylinder by count using the model about said cylinder called for based on the energy 
conservation law. It is suitable for said inlet-valve passage air-flow-rate presumption means to be 
constituted so that said presumed inlet-valve passage air flow rate may be presumed with the model 
about the air which passes said inlet valve which used the pressure in said presumed cylinder. 
[0021] 

According to this, the pressure in a cylinder (cylinder internal pressure) is called for by count. 
Moreover, if cylinder internal pressure is called for, an inlet- valve passage air-flow-rate presumption 
means will become possible [ calculating a presumed inlet-valve passage air flow rate (intake air 
flow mc in a cylinder) by count ] with "the model about the air which passes an inlet valve" which 
used this cylinder internal pressure. Therefore, it becomes possible to calculate the inhalation air 
content in a cylinder (Mc) with a sufficient precision, without suiting the table values (the above- 
mentioned proportionality coefficient c, the amount d of burnt gases, etc.) over the combination of 
many parameters. 
[0022] 

In this case, it is suitable for the model about the air which passes said inlet valve which said inlet- 
valve passage air- flow-rate presumption means uses that it is the model obtained based on an energy 
conservation law, a law of conservation of momentum, and the conservation of mass. Since a 
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presumed inlet-valve passage air flow rate (intake air flow mc in a cylinder) is calculable with the 
model (formula) expressed not according to a rule of thumb but according to the physical law 
according to this, the presumed precision of the inhalation air content in a cylinder (Mc) can be 
improved. 
[0023] 

[Embodiment of the Invention] 

It explains referring to a drawing hereafter about the operation gestalt of the fuel-oil-consumption 
control unit containing the inhalation air content presumption equipment in a cylinder of the internal 
combustion engine by this invention. Drawing 1 shows the outline configuration of the system which 
applied this fuel-oil-consumption control unit to the jump-spark-ignition type Taki cylinder (for 
example, 4-cylinder) internal combustion engine 10. 
[0024] 

The internal combustion engine 1 0 contains the induction system 40 for supplying a gasoline mixture 
to the cylinder block section 20 containing a cylinder block, a cylinder block ROWA case, an oil pan 
mechanism, etc., the cylinder head section 30 fixed on the cylinder block section 20, and the cylinder 
block section 20, and the exhaust system 50 for emitting the exhaust gas from the cylinder block 
section 20 outside. 
[0025] 

The cylinder block section 20 contains the cylinder 21, the piston 22, the connecting rod 23, and the 
crankshaft 24. The inside of a cylinder 21 is reciprocated, reciprocation of a piston 22 is transmitted 
to a crankshaft 24 through a connecting rod 23, and, thereby, this crankshaft 24 rotates a piston 22. 
The head of a cylinder 21 and a piston 22 forms the combustion chamber 25 with the cylinder head 
section 30. 
[0026] 

The cylinder head section 30 While the intake cam shaft which drives the inlet valve 32 which opens 
and closes the suction port 31 which was open for free passage to the combustion chamber 25, and a 
suction port 31, and an inlet valve 32 is included Actuator 33a of inhalation-of-air valve-control 
equipment 33 and inhalation-of-air valve-control equipment 33 which can change continuously the 
phase angle of this intake cam shaft, and the amount of valve lifts of this inlet valve 32 (the amount 
of the maximum valve lifts), The exhaust air port 34 and the exhaust air port 34 which were open for 
free passage to the combustion chamber 25 The exhaust valve 35 and exhaust valve 35 which are 
opened and closed It has the ignitor 38 containing the ignition coil which generates the high voltage 
given to the exhaust cam shaft 36 to drive, an ignition plug 37, and an ignition plug 37, and the 
injector (fuel-injection means) 39 which injects a fuel in a suction port 31. 
[0027] 

The induction system 40 is equipped with the air filter 42 prepared in the edge of the inlet pipe 41 
containing the intake manifold which is open for free passage to a suction port 3 1 , and forms an 
inhalation-of-air path with this suction port 31, and an inlet pipe 41, the throttle valve 43 which is in 
an inlet pipe 41 and makes adjustable the opening cross-sectional area of an inhalation-of-air path, 
and the swirl control valve (the following, "SCV", and nominal ****.) 44. The rotation drive of the 
throttle valve 43 is carried out within an inlet pipe 41 by throttle-valve actuator 43a which consists of 
a DC motor. While SCV44 is supported by said throttle valve 43 rotatable to said inlet pipe 41 on a 
lower stream of a river in an upstream location rather than said injector 39, the rotation drive of it is 
carried out by SCV actuator 44a which consists of a DC motor. 
[0028] 

Drawing 2 is the outline top view of the near parts of the combustion chamber 25 of one gas column 
(specific gas column), and this combustion chamber 25. As shown in drawing 2 , said suction port 3 1 
consists of suction ports 31a and 31b prepared in each gas column the pair every in fact. Suction-port 
3 la is formed in the shape of helical one, and constitutes the so-called swirl port so that a swirl 
(revolution style) may be generated in a combustion chamber 25, and suction-port 31b constitutes 
the so-called straight port. Septum 41a extended along with the longitudinal direction of an inlet pipe 
41 into the part (namely, a part of intake manifold) which reaches each combustion chamber 25 from 
the surge tank (Sign SG shows drawing 1 .) of an inlet pipe 41 is formed, and, thereby, the inlet pipe 
41 is divided by the 1st intake manifold 45 which is open for free passage to suction-port 31a, and 
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the 2nd intake manifold 46 which is open for free passage to suction-port 31b. Suitably, free passage 
way 41b of septum 41a which opens the 1st and 2nd intake manifold 45 and 46 for free passage in a 
part is formed, it is fixed to the near location of this free passage way 41b, and said injector 39 
injects a fuel towards suction ports 31a and 31b. 
[0029] 

The 2nd intake manifold 46 is equipped with said SCV44. Therefore, if SCV44 blockades the 2nd 
intake manifold 46, air (gaseous mixture) will mainly pass suction-port 31a, and will be inhaled in a 
combustion chamber 25, a swirl will occur in this combustion chamber 25, and combustion with a 
thin air- fuel ratio will thereby overly be attained. On the other hand, if SCV44 opens the 2nd intake 
manifold 46, air passes both the suction ports 31a and 31b, and is inhaled in a combustion chamber 
25, and thereby, the air content inhaled in a combustion chamber 25 will increase, and it will become 
possible to increase a power. 
[0030] 

If drawing 1 is referred to again, the exhaust system 50 is equipped with the catalytic converter 
(three-way catalytic converter) 53 infixed in the exhaust pipe 52 connected to the exhaust manifold 
5 1 which was open for free passage in the exhaust air port 34, and the exhaust manifold 5 1 , and the 
exhaust pipe 52. 
[0031] 

On the other hand, this system is equipped with the heat ray type air flow meter 61, the intake 
temperature sensor 62, the atmospheric-pressure sensor (throttle-valve top fluid pressure force 
sensor) 63, the throttle position sensor 64, the SCV opening sensor 65, the cam position sensor 66, 
the amount sensor 67 of inhalation-of-air valve lifts, the crank position sensor 68, the coolant 
temperature sensor 69, 02 sensor 70, and the accelerator opening sensor 71 as an air flow rate 
sensor. 
[0032] 

The air flow meter 61 consists of the bypass path which makes a part of inhalation air which flows 
the inside of an inlet pipe 41 bypass, heat ray metering zone 61a which measures the mass flow rate 
of the inhalation air bypassed by this bypass path, and signal-processing section 61b which outputs 
the electrical potential difference Vg (output value) according to the measured mass flow rate, as 
shown in drawing 3 which is an outline perspective view. The resistance 61al for intake-air 
temperature measurement which consists of a platinum heat ray as heat ray metering zone 61a was 
shown in drawing 4 which is the expansion perspective view (bobbin section), It has the support 
section 61a2 which connects the resistance 61al for the said intake-air temperature measurement 
with said signal-processing section 61b, and holds it, the resistance 61a3 for heating (heater), and the 
support section 61a4 which connects the resistance 61a3 for the said heating with said signal- 
processing section 61b, and holds it. Signal-processing section 61b has the bridge circuit which 
consists of resistance 61al for intake-air temperature measurement, and resistance 61a3 for heating, 
and this power to supply is transformed into said electrical potential difference Vg, and it outputs it 
while it adjusts the power supplied to the resistance 61a3 for the said heating so that the temperature 
gradient of the resistance 61al for intake-air temperature measurement and the resistance 61a3 for 
heating may always be uniformly maintained by this bridge circuit. The output Vg of an air flow 
meter 61 and the relation of the intake air flow mtAFM as a real intake air flow are as having been 
shown in drawing 5 . 
[0033] 

It has the intake temperature sensor 62 in the air flow meter 61, it detects the temperature of 
inhalation air, and outputs the signal showing an intake-air temperature Ta. The atmospheric- 
pressure sensor 63 detects the pressure (namely, atmospheric pressure) of the upstream of a throttle 
valve 43, and outputs the signal showing the throttle-valve upstream pressure Pa. A throttle position 
sensor 64 detects the opening (throttle-valve opening) of a throttle valve 43, and outputs the signal 
showing the throttle-valve opening TA. The SCV opening sensor 65 detects the opening of SCV44, 
and outputs the signal showing SCV opening thetaiv. 
[0034] 

the cam position sensor 66 generates the signal (G2 signal) which has one pulse, whenever 90 
degrees of intake cam shafts rotate, and 180 degrees of crankshafts 24 rotate namely,. The amount 
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sensor 67 of inhalation-of-air valve lifts detects the amount of lifts of an inlet valve 31, and when an 
inlet valve is a close by-pass bulb completely, it outputs the signal showing the amount L of 
inhalation-of-air valve lifts which takes the value of "0." The crank position sensor 68 outputs the 
signal which has a broad pulse, whenever 360 degrees of these crankshafts 24 rotate, while having a 
narrow pulse, whenever 10 degrees of crankshafts 24 rotate. This signal expresses an engine speed 
Ne. A coolant temperature sensor 69 detects the temperature of an internal combustion engine's 10 
cooling water, and outputs the signal showing the cooling water temperature THW. 02 sensor 70 
outputs the signal according to the oxygen density in the exhaust gas which flows into a catalytic 
converter 53. The accelerator opening sensor 71 outputs the signal showing the control input Accp of 
the accelerator pedal 82 operated by the operator. 
[0035] 

The program which CPU81 and CPU81 to which the electrical control unit 80 of each other was 
connected by bus perform, A table (map), Where RAM83 and the power source in which ROM82 
and CPU81 which memorized the constant etc. beforehand store data temporarily if needed are 
switched on, while storing data It is the microcomputer which consists of interface 85 grade 
containing the backup RAM 84 which holds the said-stored data also while the power source is 
intercepted, and an AD converter. An interface 85 sends out a driving signal to actuator 33a of 
inhalation-of-air valve-control equipment 33, an ignitor 38, an injector 39, throttle-valve actuator 
43a, and SCV actuator 44a according to directions of this CPU81 while it connects with said sensors 
61-71 and it supplies the signal from sensors 61-71 to CPU81. 
[0036] 

Next, the decision approach (the presumed approach of the inhalation air content Mc in a cylinder) 
of fuel oil consumption using the simulation model by the fuel-oil-consumption control device 
constituted as mentioned above is explained. The processing described below is made when CPU81 
performs a program: 
[0037] 

(The presumed approach of of the decision approach and the inhalation air content Mc in a cylinder 
of fuel oil consumption fc) 

Before the inlet valve 32 of the gas column which exists like an inhalation-of-air line closes a fuel- 
oil-consumption control unit, it must inject a fuel to this gas column. Moreover, even if it is the 
internal combustion engine of the format which injects a fuel directly in a combustion chamber 25, 
before ending like an inhalation-of-air line, it is necessary to inject a fuel. For this reason, a fuel-oil- 
consumption control unit is predicted before an inlet valve closes the inhalation air content Mc in a 
cylinder which is probably inhaled in this gas column (to namely, inhalation-of-air valve-closing 
time), when an inlet valve 32 closes, and it determines fuel oil consumption (basic injection quantity) 
fc based on the two following. In several 2, K is a multiplier based on the setting air-fuel ratio which 
changes according to operational status. 
[0038] 
[Equation 2] 
fc=K-Mc 
[0039] 

If it states more concretely, a fuel-oil-consumption control device (inhalation air content 
presumption equipment in a cylinder) will presume the inhalation air content Mc in a cylinder using 
the simulation model of the electronics control throttle model Ml, the throttle model M2, the inlet- 
pipe model M3, the inlet-valve model M4, and the cylinder model M5, as shown in drawing 6 . In 
addition, the throttle model M2 functions as a throttle passage air-flow-rate presumption means, the 
inlet-valve model M4 functions as an inlet- valve passage air- flow-rate presumption means, and 
while the cylinder model M5 functions as a cylinder internal pressure presumption means, said 
models M1-M5 constitute an inhalation air content presumption means in a cylinder to presume the 
inhalation air content Mc in a cylinder inhaled in a cylinder 21 . 
[0040] ; 

(Electronics control throttle model Ml) 

The electronics control throttle model Ml is a model which presumes throttle- valve opening thetat in 
the time of day t of the predetermined time TO point from this time based on the accelerator pedal 
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control input Accp to this time. The accelerator pedal control input Accp detected by the accelerator 
opening sensor 71 by the throttle-valve electronics control logic Al in this operation gestalt Based 
on the table which specifies the relation between the accelerator pedal control input Accp shown in 
drawing 7 , and target throttle-valve opening thetar, the provisional target throttle-valve opening 
thetarl is called for. It is determined as target throttle-valve opening thetar with the final value from 
which only predetermined time T (for example, 64msec) delayed this provisional target throttle- 
valve opening thetarl. And the throttle- valve electronics control logic Al (electrical control unit 80) 
sends out a driving signal to throttle- valve actuator 43 a so that the actual throttle- valve opening TA 
may be set to target throttle- valve opening thetar. 
[0041] 

Thus, since target throttle-valve opening thetar is equal to the provisional target throttle- valve 
opening thetarl as which only predetermined time T was determined according to the accelerator 
pedal control input Accp at the last time from this time, it is [ target throttle- valve opening thetar in 
the previous time of day t ] equal to the provisional target throttle-valve opening thetarl in front of 
[ this time to ] time amount (T-TO). [ of this time to the predetermined time TO ] Moreover, the 
provisional target throttle-valve opening thetarl in front of [ this time to ] time amount (T-TO) is 
equal to throttle- valve opening thetat, if the actuation time delay of throttle- valve actuator 43a is 
disregarded. Based on such an idea, as for the electronics control throttle model Ml, only 
predetermined time TO presumes throttle- valve opening thetat in the previous time of day t from this 
time. That is, only predetermined time TO presumes the provisional target throttle-valve opening 
thetarl in front of [ this time to ] time amount (T-TO) from this time as throttle-valve opening thetat 
in the previous time of day t. In addition, the actuation time delay of throttle- valve actuator 43 a may 
be added to consideration, and throttle-valve opening thetat may be presumed. 
[0042] 

(Throttle model M2) 

The throttle model M2 is a model which presumes the air flow rate (presumed throttle passage air 
flow rate) mt which passes a throttle valve 43 based on the three following and the four following 
which were obtained based on physical laws, such as the law of conservation of energy, a law of 
conservation of momentum, the conservation of mass, and an equation of state. The flow coefficient 
from which Ct (thetat) changes in the three following and the four following according to throttle- 
valve opening thetat, The throttle opening area from which At (thetat) changes according to throttle- 
valve opening thetat (opening area of an inlet pipe 41), For the air temperature of inhalation of air, 
and R, a gas constant and kappa are [ Pa / a throttle- valve upstream pressure (namely atmospheric 
pressure) and Pm / the air pressure of inhalation of air (pressure-of-induction-pipe force), and Ta / an 
intake-air temperature (atmospheric temperature) and Tm ] the ratio of specific beat (kappa is 
hereafter treated as constant value.), it is . In the case of a descending style, the throttle-valve 
upstream pressure Pa uses several 3 from the air pressure Pm of inhalation of air, and, in the back 
flow with the throttle- valve upstream pressure Pa smaller than the air pressure Pm of inhalation of 
air, several 4 is used for the throttle model M2. Consequently, in the case of said forward feed, in 
said back flow, in a forward value, the throttle passage air flow rate mt is calculated so that a 
negative value may be taken, respectively. 
[0043] 
[Equation 3] 



mt = Ct«H)At<0t)Pa A l /pL] 2 - I Hi - _HV 

V 2*RTa V V + 1 I l Pa *+l J 



[0044] 
[Equation 4] 



mt = 



=-ct(et)At(9t)Pm aI-zzl A rO?-Y-(*L _ _jZv 

V 2/cRTm V V *+1 J I Pm J 
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[0045] 

In three above and several 4, only this time thetat was presumed to be with the electronics control 
throttle model Ml to the predetermined time TO is the presumed throttle- valve opening in the 
previous time of day t. While the throttle model M2 asks for a coefficient of discharge Ct (thetat) 
using the table shown in drawing 8 which specified the relation between throttle-valve opening thetat 
and a coefficient of discharge Ct (thetat), and said presumed throttle-valve opening thetat It asks for 
the opening area At (thetat) using the table shown in drawing 9 which specified the relation between 
throttle- valve opening thetat and the opening area At (thetat), and said presumed throttle-valve 
opening thetat. In addition, the throttle model M2 may be constituted so that the product value Ct 
(thetat) and At (thetat) may be calculated at a stretch using the table shown in drawing 10 which 
specified the relation between throttle- valve opening thetat, and the product value Ct (thetat) of a 
flow coefficient Ct (thetat) and the opening area At (thetat) and At (thetat), and said presumed 
throttle-valve opening thetat. 
[0046] 

Moreover, the throttle model M2 acquires from the inlet-pipe model M3 which mentions the air 
pressure Pm of inhalation of air, and the air temperature Tm of inhalation of air later, calculates three 
above or several 4 using these values, and presumes the throttle passage air flow rate mt in time of 
day t while it acquires the throttle- valve upstream pressure Pa and an intake-air temperature Ta from 
the atmospheric pressure sensor 63 and an intake temperature sensor 62, respectively. 
[0047] 

Here, the derivation process of several 3 and several 4 which described the above-mentioned throttle 
model M2 is explained. When the opening cross-sectional area of the upstream of a throttle valve 43 
is set to Au, the rate of flow of rhou and air is set to vu for air density and the rate of flow of the air 
which passes [ the opening cross-sectional area of the inlet pipe 41 by the throttle valve 43 ] rhod 
and a throttle valve 43 for the air density of Ad and a there is now set to vd, the throttle passage air 
flow rate mt is expressed with the five following. Several five can be said to be the formula which 
described the conservation of mass. 
[0048] 
[Equation 5] 

Mt=Ad-rho d-vd=Au-rho u-vu 
[0049] 

On the other hand, when mass of air is set to m, kinetic energy is m-vu 2/2 in the upstream of a 
throttle valve 43, and is m-vd 2/2 in the location which passes a throttle valve 43. On the other hand, 
heat energy is m-Cp-Tu in the upstream of a throttle valve 43, and m-Cp-Td in the location which 
passes a throttle valve 43. Therefore, the six following are obtained by the law of conservation of 
energy. In addition, Tu is [ the air temperature of a throttle- valve lower stream of a river and Cp of 
the air temperature of the throttle-valve upstream and Td ] specific heat at constant pressure. 
[0050] 
[Equation 6] 

m-vu2/2+m-Cp-Tu=m-vd2/2+m-Cp-Td 
[0051] 

By the way, since the seven following and the ratio of specific beat kappa are shown by the eight 

following and Mayers relation is shown by the nine following, an equation of state is expressed for 

Cp-T like [ with the ten following ] from several 7 - a-nine number. In addition, for a gaseous 

pressure and rho, a gaseous consistency and T are [ P / a gas constant and Cv of gaseous temperature 

and R ] specific heat at constant volume. 

[0052] 

[Equation 7] 

P=rho-R-T 

[0053] 

[Equation 8] 

Kappa=Cp/Cv 
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[0054] 
[Equation 9] 
Cp=Cv+R 
[0055] 

[Equation 10] 

Cp-T= {kappa/(kappa-l)} - (P/rho) 
[0056] 

The 1 1 following will be obtained if several 6 based on the above-mentioned law of conservation of 

energy is rewritten using relation with ten above. 

[0057] 

[Equation 11] 

vu2/2+{kappa/(kappa-l)} -(Pu/rhou) =vd2/2+{kappa/(kappa-l)} - (Pd/rhod) 
[0058] 

And considering the infinity upstream of a throttle valve 43, since it is Au=infinity and vu=0, 1 1 

above based on the law of conservation of energy is rewritten by the 12 following. 

[0059] 

[Equation 12] 

{kappa/(kappa-l)} -(Pu/rhou) =vd2 / 2+ {kappa/(kappa-l)> - (Pd/rhod) 
[0060] 

Next, momentum is described. The 13 following will be obtained if the mean pressure of the fixed 
space which connects between the parts of Pd and the cross section Au and the parts of the cross 
section Au for the pressure which joins the parts of Pu and the cross section Ad in the pressure which 
joins the part of the cross section Au is set to Pmean. 
[0061] 

[Equation 13] 

rhod-vd2, Ad-rhou-vu2, andAu=Pu-Au-Pd-Ad+Pmean- (Ad-Au) 
[0062] 

If Au=infinity and vu=0 are taken into consideration, since the 14 following will be obtained by 13 
above, the relation (relation based on a law of conservation of momentum) about momentum with 
the same number 14 and 13 above to the 15 following is obtained. 
[0063] 

[Equation 14] 

Pmean=Pu 

[0064] 

[Equation 15] 

rhod-vd2=Pu-Pd 

[0065] 

Therefore, the 16 following are obtained from five above, 12 above, and 15 above. 
[0066] 

[Equation 16] 



[0067] 

Pu is the throttle- valve upstream pressure Pa, and in 16 above, since Pd is the air pressure Pm of 
inhalation of air, Ct (thetat) is introduced for a flow coefficient, and if the opening cross section Ad 
is reset with the opening area At (thetat) and is arranged, three above will be obtained. Since it is the 
same as that of a derivation process with three above, the derivation process with four above is 
skipped. 
[0068] 

(Inlet-pipe model M3) 
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The inlet-pipe model M3 is a model which calculates the air pressure Pm of inhalation of air, and the 
air temperature Tm of inhalation of air from the air flow rate mc (namely, a presumed inlet-valve 
passage air flow rate, the intake air flow in a cylinder) which flows out of the 17 following based on 
the conservation of mass and the law of conservation of energy and the 18 following, the throttle 
(presumption) passage air flow rate mt, the throttle passage air temperature (namely, inhalation air 
temperature) Ta, and an inlet pipe, respectively. In addition, in the 17 following and the 18 
following, Vm is the volume of the inlet pipe 41 (they are only an "inhalation-of-air tube part" and 
nominal **** hereafter.) from a throttle valve 43 to an inlet valve 32. 
[0069] 

[Equation 17] 

d(Pm/Tm)/dt=(R/Vm) and (mt-mc) 
[0070] 

[Equation 18] 

DPm/dt=kappa, (R/Vm), and (mt-Ta-mc-Tm) 
[0071] 

The inlet-pipe model M3 acquires the throttle passage air flow rate mt in 17 above and 18 above 
from the throttle model M2, and acquires it from the inlet- valve model M4 which mentions the 
intake air flow mc in a cylinder later. And count based on several 17 and several 18 is performed, 
and it asks for the air pressure Pm of inhalation of air of time of day t, and the air temperature Tm of 
inhalation of air of time of day t. 
[0072] 

Here, the derivation process of several 17 and several 18 which described the above-mentioned inlet- 
pipe model M3 is explained. If the total air content of an inhalation-of-air tube part is now set to M, 
since the temporal response of the total air content M is the difference of the intake air flow mc in a 
cylinder equivalent to the throttle passage air flow rate mt equivalent to the air content which flows 
into an inhalation-of-air tube part, and the air content which flows out of this inhalation-of-air tube 
part, the 19 following based on the conservation of mass will be obtained. 
[0073] 

[Equation 19] 
dM/dt=mt-mc 
[0074] 

Moreover, since an equation of state becomes the 20 following, 17 above based on the conservation 
of mass is obtained by eliminating the total air content M from 19 above and the 20 following. 
[0075] 

[Equation 20] 

Pm-Vm=M-R-Tm 

[0076] 

Next, if the law of conservation of energy about an inhalation-of-air tube part is examined, it will be 
thought that the volume Vm of an inhalation-of-air tube part does not change, and most energy 
contributes it to a temperature rise in this case (kinetic energy can be disregarded). Therefore, since 
the amount of temporal responses of energy M-Cv-Tm of the air of an inhalation-of-air tube part is 
equal to the difference of energy Cp-mt-Ta of the air which flows into this inhalation-of-air tube 
part, and energy Cp-mc-Tm of the air which flows out of this inhalation-of-air tube part, the 21 
following are obtained. 
[0077] 

[Equation 21] 

d(M-Cv-Tm)/dt=Cp-mt-Ta-Cp-mc-Tm 
[0078] 

18 above is obtained by transforming this several 21 using eight (kappa=Cp/Cv) above and 20 (Pm- 

Vm=M-R-Tm) above. 

[0079] 

(Inlet- valve model M4) 

The inlet- valve model M4 is a model which presumes the air flow rate (namely, a presumed inlet- 
valve passage air flow rate, the intake air flow in a cylinder) mc which passes through the perimeter 
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of an inlet valve 32 according to the 22 following and the 23 following which were obtained based 
on the law of conservation of energy, a law of conservation of momentum, the conservation of mass, 
an equation of state, etc. Several 22 and the derivation process of 23 are the same as that of the case 
of the above-mentioned throttle model M2. In several 22 and several 23, the area of the flow 
coefficient from which Cv (L) changes according to the amount L of lifts of an inlet valve 32, and 
opening formed in the perimeter of an inlet valve 32 to which Av (L) changes according to the 
amount L of the said lifts, and Pc are cylinder internal pressure (pressure Pc in a cylinder 21). In the 
case of a descending style, the air pressure Pm of inhalation of air uses several 22 from the cylinder 
internal pressure Pc, and, in the back flow with the air pressure Pm of inhalation of air smaller than 
the cylinder internal pressure Pc, several 23 is used for the inlet- valve model M4. Consequently, in 
the case of said forward feed, in said back flow, in a forward value, the intake air flow mt in a 
cylinder (presumed inlet- valve passage air flow rate) is calculated so that a negative value may be 
taken, respectively. 
[0080] 

[Equation 22] 



mc = Cv(L)Av(L)Pm 




[0081] 

[Equation 23] 

mc = -C.(OMQPc A nE^ A l{-±-Y- [US. - _!_] 

/ V 2*RTc [ J { P C k+1 J 



[0082] 

Only predetermined time TO presumes the inlet- valve model M4 based on the amount L of valve lifts 
and engine speed Ne at present to which the amount sensor 67 of inhalation-of-air valve lifts has 
detected amount of valve lifts L (t) in the previous time of day t from this time. And the table shown 
in drawing 1 1 which specified the amount L of valve lifts, the product value Cv (L), and relation 
with Av (L), the product value Cv (L) used by 22 above and 23 above based on said amount of 
presumed valve lifts L (t), and Av (L) are calculated. 
[0083] 

Moreover, the inlet-valve model M4 acquires from the cylinder model M5 which mentions the 
cylinder internal pressure Pc and the air temperature Tc in a cylinder later, is calculating 22 above or 
23 above using these variables, and presumes the intake air flow mc in a cylinder in time of day t 
while it acquires the air pressure Pm of inhalation of air, and the air temperature Tm of inhalation of 
air from the inlet-pipe model M3. 
[0084] 

(Cylinder model M5) 

The cylinder model M5 is a model which asks for the cylinder internal pressure Pc and the air 
temperature Tc in a cylinder according to the 24 following based on the law of conservation of 
energy about a cylinder 21 . As shown in drawing 12 , Vc of the 24 following The volume of a 
cylinder 21, The air temperature of inhalation of air with Tm equal to the temperature Ti of the air 
inhaled by the cylinder 21, The air flow rate which flows out of said inhalation-of-air tube part with 
mc equal to the air flow rate mi inhaled in a cylinder 21 (inside of a cylinder), and Q are heating 
values (the amount of temporal responses of a heating value, heat flow) transmitted among the 
cylinder 21 and said cylinder 21 exteriors (a cylinder wall, suction port, etc.). 
[0085] 

[Equation 24] 
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dPc _ K RTm 
dt Vc 



mc - 



KPc dVc 
Vc dt 



+ (/C-1)-£- 



[0086] 



The intake air flow mc in a cylinder of the time of day t in 24 above is given with the inlet- valve 
model M4 (22 above or 23 above), and the air temperature Tm of inhalation of air of this time of day 
t is given with the inlet-pipe model M3. Moreover, since the cylinder capacity Vc of time of day t 
can be known based on whenever [ crank angle ], if the 3rd term of the right-hand side with 24 above 
(term of a heating value) is disregarded, the cylinder internal pressure Pc in time of day t can be 
theoretically obtained using 24 above. 



Here, a derivation process with 24 above is explained. First, if E is work of as opposed to [ as 
opposed to / for the energy in a cylinder and h / enthalpy ] a piston for W, the 25 following can be 
obtained by the law of conservation of energy about a cylinder 21. 
[0088] 

[Equation 25] 

dE/dt=mc-h-dW/dt+Q 

[0089] 

Now, u, then the 26 following are materialized in internal energy, and an equation of state is a 
passage with the 27 following. Moreover, the 28 following and the 29 following are materialized 
from eight (kappa=Cp/Cv) above which are the formula of the ratio of specific beat kappa, and nine 
(Cp=Cv+R) above which are a Mayer's relation type. In addition, let Mcy be an air content in a 
cylinder 21. 
[0090] 

[Equation 26] 

u=Cv-Tc 

[0091] 

[Equation 27] 

Mcy-Tc=Pc-Vc/R 

[0092] 

[Equation 28] 

Cv=R/(kappa-l) 

[0093] 

[Equation 29] 
Cp=kappa-R/(kappa- 1 ) 
[0094] 

Therefore, the 30 following are materialized about left part dE/dt of several 25 from several 26 - a-28 

number. 

[0095] 

[Equation 30] 

dE/dt=d(Mcy-u)/dt=d(Mcy-Cv-Tc)/dt=d{Pc-Vc/(kappa-l)}/dt 
[0096] 

on the other hand — 1st term mc-h of the right-hand side of several 25 — the following from a 

definition and 29 above of enthalpy with the 3 1 following — 32 is materialized. 

[0097] 

[Equation 31] 

h=Cp-Tm 

[0098] 

[Equation 32] 

mc-h=mc- {kappa-R/(kappa- 1 ) } , Tm 
[0099] 

Furthermore, since Work W is expressed with the 33 following, the 34 following are materialized 
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about 2nd term dW/dt of the right-hand side with 25 above. 
[0100] 

[Equation 33] 

dW=Pc-dVc 

[0101] 

[Equation 34] 

dW/dt=Pc-dVc/dt 

[0102] 

24 above will be obtained if several 25 is rewritten and arranged by several 30, several 32, and 

several 34. 

[0103] 

Moreover, the cylinder model M5 asks for the air temperature Tc in a cylinder according to the 35 
following which are an equation of state. Time quadrature of several 35 Mcl is carried out, and it is 
calculated until it asks for the air temperature Tc in a cylinder, after an inlet valve 32 opens the 
intake air flow mc in a cylinder of several 22 or several 23. 
[0104] 

[Equation 35] 

Tc=(Pc- Vc)/(Mc 1 andR) 

[0105] 

According to the above-mentioned principle, the cylinder internal pressure Pc and the air 
temperature Tc in a cylinder are called for with 24 above and 35 above of the cylinder model M5, 
respectively, and the intake air flow mc in a cylinder is obtained by several 22 or several 23 based on 
these. Therefore, by carrying out time quadrature till the time of day tf which this inlet valve 32 
closes from the time of day to when the inlet valve 23 opened the intake air flow mc in a cylinder, 
this fiiel-oil-consumption control unit presumes the inhalation air content Mc (inhalation air total 
amount Smc) in a cylinder inhaled in a cylinder 21 like 1 inhalation-of-air line, and determines fuel 
oil consumption fc based on this value Mc and two above. 
[0106] . 

(Amelioration when mounted in an electrical control unit 80) 

Since a value can disregard small the heat transfer Q of the 3rd term of the right-hand side with 24 
above, it is discretized like [ with the 36 following ] and usually mounts 24 above in an electrical 
control unit 80. Here, deltat is computation time spacing of the cylinder internal pressure Pc. 
[0107] 

[Equation 36] 

n , AN _ , . f K RTm ^ KPc dVc ) A » 

Pc{ t + At) = Pc( t ) + — nic - — — — At 

k Vc Vc dt ) 



[0108] 

However, when it actually asked for the cylinder internal pressure Pc by this technique, as the 
alternate long and short dash line of drawing 13 showed, this cylinder internal pressure Pc was 
sharply changed in response to the effect of discretization, and it became clear that it differed from a 
true value greatly. Then, in this operation gestalt, while the value Q of the 3rd term of the right-hand 
side of several 24 is disregarded For convenience, when the volume of (1) cylinder was assumed to 
be fixed (dVc=0), and when it was assumed that the intake air flow in (2) cylinders is 0 (mc=0), it 
divided, and we decided to ask for the cylinder internal pressure Pc by solving several 24 
analytically under each assumption. Hereafter, it explains in full detail. 
[0109] 

(1) When the volume of a cylinder is assumed to be fixed (dVc=0) 

Under this assumption, 24 above serves as a differential equation with the 37 following, and if the 

same number 37 is solved, the 38 following will be obtained. 

[0110] 

[Equation 37] 
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dPc 
dt 



K RTm 

Vc 



mc 



[0111] 

[Equation 38] 
Pc(t) = 



2_ 

K 



+ cos (00- 



k+1 



'm 



K 



RTm 



2U+1) 



Av aJ PmPm t) 



[0112] 

In 38 above, it is thetaO=cos-l(l). This several 38 shows that the cylinder internal pressure Pc 
changes in the shape of a sine wave. On the other hand. The Euler approximation with 37 above 
becomes the 39 following. 
[0113] 

[Equation 39] 

Pc(t+At) = Pc(t)+ mc * RTm At 



[0114] 

Moreover, since the cylinder internal pressure Pc does not become larger than the air pressure Pm of 
inhalation of air, the 40 following are materialized. Therefore, the 41 following are materialized 
from several 39 and several 40. 
[0115] 

[Equation 40] 

Pc(t+At)sPm 



[0116] 

[Equation 41] 



/CRTmmc At ^Pm-Pc(t) 
Vc 



[0117] 

Furthermore, since the 42 following are materialized when very small (theta«l) compared with 1, 
theta can obtain the 43 following with the application of 41 above and the 42 following to 39 above. 
In addition, the 43 following intake air flow mc in a cylinder is calculated by 22 above and 23 above. 

[0118] 

[Equation 42] 

sin(0)*0 



[01 i9] 
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[Equation 43] 

P'c( t + A t) = P C ( t ) + ( Pm - Pc(t)) sin f mcA:RTm At 



[0120] 

(2) When it is assumed that there is no inhalation air content in a cylinder (mc=0) 

Under this assumption, 24 above serves as a differential equation with the 44 following. Moreover, 

since it can treat as an adiabatic expansion in this case, the 45 following are materialized. 

[0121] 

[Equation 44] 

dPc _ K Pc dVc 
dt " Vc dt 



[0122] 

. [Equation 45] 

PcVc? = constant 



[0123] 

As mentioned above, the 46 following are drawn. 
[0124] 

[Equation 46] 

Pc(t+ At)= P'c(t) f Vc(t) Y 

I Vc(t+ At) ) 



[0125] 

In drawing 13 , a continuous line and a two-dot chain line show the cylinder internal pressure Pc 
called for by 43 above and 46 above, respectively. Since it is expected that the cylinder internal 
pressure Pc serves as a value approximated to the air pressure Pm of inhalation of air, in this 
operation gestalt, it adopts as cylinder internal pressure Pc which finally calculates cylinder internal 
pressure P ! c (t) obtained by 43 near above with the air pressure Pm of inhalation of air. 
[0126] 

Moreover, although it said that the inhalation air content Mc in a cylinder like 1 inhalation-of-air line 
is calculated by carrying out time quadrature till the time of day tf which this inlet valve 32 closes 
from the time of day to when the inlet valve 23 opened the intake air flow mc in a cylinder given by 
several 22 or several 23 It became clear that precision became [ the direction for which it asked by 
the 47 following which carried out time quadrature of 24 above based on the law of conservation of 
energy, and arranged it from time of day to to time of day tf ] high as a result of simulation. In 
addition, Pc (to) and Vc (to) are the cylinder internal pressure Pc at the time of an inhalation-of-air 
valve-opening valve (t), and cylinder capacity Vc (t), respectively, and Pc (tf) and Vc (tf) are the 
cylinder internal pressure Pc at the time of an inhalation-of-air valve-closing valve (t), and cylinder 
capacity Vc (t), respectively. 
[0127] 

[Equation 47] 
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±- fPc(tf)Vc(tf) - Pc(to)Vc(to) ) + Ji ^- Pc^- dt 



RTm 



[0128] 

Therefore, this operation gestalt calculates the inhalation air content Mc in a cylinder based on the 48 

following discretized in several 47. 

[0129] 

[Equation 48] 

4- fPc(tf)Vc(tf) - Pc(to)Vc(t>) ) + I Pc(t) ^ At 
Mc = JL± — K to dt 

RTm 



[0130] 

(Addition of an observer) 

Further, this operation gestalt adds the observer OBS as an amendment means, and is raising the 
presumed precision of the inhalation air content Mc in a cylinder. In drawing 6 mentioned above, it 
is the observer OBS to which the part surrounded with the broken line was added. 
[0131] 

This observer OBS is constituted including the above-mentioned air flow meter 61 and the air flow 
meter model M6 which functions as an intake-air- flow presumption means. The air flow meter 
model M6 is a model which presumes the value which the air flow meter 61 will output, and 
presumes the throttle passage air flow rate (presumed intake air flow) mtes based on this estimate, 
when a throttle passage air flow rate (real intake air flow) is the predetermined amount alpha. In this 
case, the predetermined amount alpha of above is the throttle passage air flow rate (presumption) mt 
(t-TO) at present which is the throttle passage air flow rate by which only said predetermined time TO 
delayed [ predetermined time / TO ] the throttle passage air flow rate mt in the previous time of day t 
(presumption) from this time which the throttle model M2 presumed with the dead-time element. 
[0132] 

Here, the air flow meter model M6 is described concretely. Based on the table shown in drawing 14 
which specified the relation between this perfect heat release Wl and W2 and the throttle passage air 
flow rate mt for the perfect heat release Wl and W2 to the throttle passage air flow rate mt (t-TO) at 
present, respectively, and said throttle passage air flow rate mt (t-TO) in called-for this time, it asks 
for the air flow meter model M6 first. The perfect heat release Wl and the perfect heat release W2 
are heat release which does not include the heat dissipation delay corresponding to the bobbin 
section 61al of heat ray metering zone 61a shown in drawing 4 , and the support section 61a2 of this 
heat ray metering zone 61a, respectively. 
[0133] 

Next, the air flow meter model M6 is the heat release corresponding to the bobbin section 61al and 
the support section 61a2, respectively, and calculates the heat release (response heat release) wl and 
w2 which has the property of first-order lag to the perfect heat release Wl and W2, respectively 
(response delay is included) according to the 49 following and the 50 following. Several 49 and the 
suffix (k) in several 50 express this operation value and the operation value of last time [ suffix / (k- 
1) ], and its deltat is time amount after calculating the last operation value until it calculates this 
operation value. 
[0134] 

[Equation 49] 

wl(k) =deltat-(Wl(k)-wl (k-l))/taul+wl (k-1) 
[0135] 
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[Equation 50] 

w2(k) =deltat-(W2(k)-w2 (k-l))/tau2+w2 (k-1) 
[0136] 

In 49 above and several 50, taul and tau2 are the time constants of the above-mentioned first-order- 
lag property corresponding to the bobbin section 61 al and the support section 61a2, respectively, 
and they are calculated by the 5 1 following and the 52 following. It is the value for which the values 
klO and k20 of several 51 and several 52 inside and values ml and m2 were asked experimentally. 
Moreover, the value u of several 5 1 and several 52 inside is a passage air content per [ which was 
bypassed by heat ray metering zone 61a of an air flow meter 61 ] unit cross section, and is a value 
(mtAFM/S) which **(ed) the intake air flow mtAFM calculated based on the Vg-mtAFM translation 
table which specifies the output voltage Vg of the air flow meter 61 shown in drawing 5 , and 
relation with the surveyed intake air flow mtAFM, and the actual output voltage Vg of an air flow 
meter 61 with the bypass passage cross section S of said heat ray metering zone 61a. 
[0137] 

[Equation 51] 
taul=kl0, uml 
[0138] 

[Equation 52] 
tau2=k20, um2 
[0139] 

And the table having shown the air flow meter model M6 in drawing 15 which specified the sum 
(wl+w2) of the response heat release wl and w2, and relation with the throttle passage air flow rate 
mtes based on the value which the air flow meter 61 will output, Based on the sum (wl+w2) of the 
response heat release wl and w2 calculated by 49 above - the-52 number, the throttle passage air 
flow rate mtes based on the value which the air flow meter 61 will output at present is calculated. In 
addition, when it is in the steady operation condition which becomes fixed [ an internal combustion 
engine / the throttle-valve opening TA ], this throttle passage air flow rate mtes becomes the same 
[ only predetermined time TO ] as that of the throttle passage air flow rate mt (and throttle passage air 
flow rate mt (t-TO) at present) in the previous time of day t (presumption) from this time which the 
throttle model M2 presumed. 
[0140] 

Again, if drawing 6 is referred to, Observer OBS will input the signal showing this throttle passage 
air flow rate mtes into the end of the comparison element COM. On the other hand, Observer OBS is 
changed into the intake air flow (real intake air flow) mtAFM in this time on the table having shown 
the output Vg of an air flow meter 6 1 in drawing 5 , and inputs the signal showing this intake air 
flow mtAFM into the other end of the comparison element COM. 
[0141] 

And while Observer OBS asks for the deflection SA of the throttle passage air flow rate mtes and an 
intake air flow mtAFM in the comparison element COM, carries out time quadrature of this 
deflection SA with an integral element and calculates the deflection integral value SumSA The value 
which carried out the multiplication of the predetermined gain Gl (negative constant value) to the 
deflection integral value SumSA, And the value which carried out the multiplication of the 
predetermined gain G2 (negative constant value) to this deflection integral value SumSA is added to 
the throttle passage air flow rate mt which the throttle model M2 presumes, and the intake air flow 
mc in a cylinder which the inlet-valve model M4 presumes, respectively (it feeds back). That is, the 
inhalation air content presumption equipment in a cylinder in this operation gestalt presumes the 
throttle passage air flow rate mt based on the 53 following or the 54 following instead of three above 
or four above. 
[0142] 

[Equation 53] 



mt = Ct(0t)At(0t)Pa A ** 1 4/f-^l 2 -[— - -l-l 2 +G1-SumSA 

/ V 2*RTa V VK+1 J I Pa /C+1 } 
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[0143] 

[Equation 54] 

mt = -Ot( 6 t)At( 9 t)Pm A {JIII-aIL^ +G1 . SumSA 

/ V 2/CRTm V U+1 1 VPm AT+1J 



[0144] 

Moreover, the inhalation air content presumption equipment in **** presumes the intake air flow mc 
in a cylinder based on the 55 following or the 56 following instead of 22 above or 23 above. 
[0145] 

[Equation 55] 



mc = Cv(L)Av(L)Pm A —— — A Y' {— — ] * +G2-SumSA 

V 2/t:RTm V Vlff+1 7 VPm tf+lj 



[0146] 

[Equation 56] 



mc = -Cv(L)Av(L)Pc A JL^iL a 2 - f— — ) * +G2- SumSA 

/ V 2/fRTc V V/C+1 J V Pc /c+1 ; 



[0147] 

thus, the above-mentioned deflection SA (the above-mentioned deflection integral value SumSA) is 
set to "0" (it becomes small) — like The throttle passage air flow rate mt presumed with the throttle 
model M2 based on this deflection SA, And the intake air flow mc in a cylinder presumed with the 
inlet-valve model M4 is amended directly, respectively, consequently the steady error of the actual 
inhalation air content in a cylinder and the inhalation air content Mc in a cylinder acquired with the 
above-mentioned models M1-M5 is reduced. 
[0148] 

(Actual actuation) 

Next, while an electrical control unit 80 presumes the inhalation air content Mc in a cylinder, the 

actual actuation at the time of determining fuel oil consumption fc is explained. 

[0149] 

(Throttle-valve control) 

CPU81 of an electrical control unit 80 performs the routine for controlling the throttle-valve opening 
shown in drawing 16 with the flow chart for every progress of predetermined time (1msec). 
Therefore, when it comes to predetermined timing, CPU81 starts processing from step 1600, 
progresses to step 1605, and is read accelerator pedal control input Accp. Subsequently, CPU81 
progresses to step 1610 and asks for the provisional target throttle-valve opening thetarl based on 
the accelerator pedal control input Accp read the account of a top by using the same table as drawin g 
7 at this step 1610. 
[0150] 

Next, CPU81 progresses to step 1615, sets Variable I as "64" and stores the value of thetar (1-1) in 
storage value thetar (I) at continuing step 1620. At present, since Variable I is "64", the value of 
storage value thetar (63) is stored in storage value thetar (64). Subsequently, CPU81 progresses to 
step 1625 and it judges whether Variable I became equal to "1." In this case, since the value of 
Variable I is "64", it judges with "No" at step 1625, and progresses to step 1630, only "1" decreases 
the value of Variable I at this step 1630, and CPU81 returns to that account step 1620 of Gokami. 
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Consequently, activation of step 1620 stores the value of storage value thetar (62) in storage value 
thetar (63). Such processing is repeatedly performed until the value of Variable I is set to "1." 
[0151] 

Then, if processing of step 1630 is repeated and the value of Variable I is set to "1", CPU81 is 
judged at step 1625 to be "Yes", progresses to step 1635, and stores in storage value thetar (0) the 
provisional target throttle- valve opening thetar 1 at present for which it asked at said step 1610 by 
this step 1635. 1= 64, 63 and 62, provisional (2, provisional 1, 0) in front of Imsec (0 
msec<=Imsec<=64msec and I are an integer) will be memorized in RAM83 from this time by the 
above. [ target throttle-valve opening thetar (I) and ] 
[0152] 

Next, CPU81 outputs a driving signal to throttle-valve actuator 43a, and once ends this routine at 
step 1695 after that so that it may progress to step 1640 and actual throttle-valve opening may 
become equal to target throttle- valve opening thetar at step 1645 which sets up storage value thetar 
(64) as final target throttle- valve opening thetar, and continues at this step 1640. 
[0153] 

Processing of the above-mentioned routine is performed for every progress of 1msec henceforth. 
Consequently, actual throttle- valve opening is controlled to become equal to target throttle-valve 
opening thetar based on the accelerator pedal control input Accp in front of predetermined time T (= 
64msec). Thereby, as for the above-mentioned electronics control throttle model Ml, only 
predetermined time TO presumes the target throttle- valve opening theta (T-T0) in front of [ this time 
to ] time amount (T-T0) from this time as throttle-valve opening thetat in the previous time of day t. 
[0154] 

(The throttle passage air flow rate mt, the air pressure Pm of inhalation of air, air-temperature Tm 
presumption of inhalation of air) CPU81 performs the routine shown in drawing 18 following 
drawing 17 and this with the flow chart for every progress of predetermined time (8msec). 
Therefore, if it becomes predetermined timing, CPU81 will start processing from step 1700, will 
progress to step 1705, and will calculate an intake air flow (real intake air flow) mtAFM using the 
table shown in drawing 5 , the same table, and the output Vg of an air flow meter 61 . 
[0155] 

Next, CPU81 progresses to step 1710 and calculates the perfect heat release Wl (k) and W2 (k) for 
each using the throttle passage air flow rate mt (k-TO) at present obtained when only said 
predetermined time TO delays the throttle passage air flow rate mt (k) already calculated at step 1810 
later mentioned at the time of the table shown in drawing 14 , the same table, and this routine 
activation before last time. In addition, in this routine, the value to which the suffix (k) was given 
expresses the value calculated when this routine is performed this time, and the value to which the 
suffix (k-1) was given expresses the value calculated when this routine was performed last time. 
[0156] 

Subsequently, CPU81 calculates the response heat release wl (k) and w2 (k) according to 49 above 
and 50 above, respectively at continuing step 1720 while it progresses to step 1715 and asks for time 
constants taul and tau2 according to 51 above and 52 above, respectively. In addition, deltat is the 
count period (namely, 8msec) of this routine. Next, CPU81 progresses to step 1725 and calculates 
the throttle passage air flow rate (presumed intake air flow) mtes based on the value which the air 
flow meter 61 will output at present using the table shown in drawing 15 , the same table, and said 
response heat release wl (k) and the sum (wl(k)+w2(k)) of w2 (k). 
[0157] 

Next, CPU81 progresses to step 1730, and it sets up the value which applied said deflection SA (k) 
to the deflection integral value (last time) (k-1) SumSA in the time at continuing step 1735 as a new 
deflection integral value (this time) (k) SumSA while it stores the value which subtracted said intake 
air flow mtAFM from said throttle passage air flow rate mtes as deflection SA (k). 
[0158] 

Subsequently, as for CPU81, only predetermined time TO calculates the product value Ct (thetat) of a 
flow coefficient Ct (thetat) and the opening area At (thetat), and At (thetat) using presumed throttle- 
valve opening thetat in the previous time of day t from the table which progressed to step 1805 of 
drawing 18 and was shown in drawing 10 , the same table, and this time. 
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[0159] 

Subsequently, CPU81 progresses to step 1810 and calculates the throttle passage air flow rate mt 
according to 53 above or 54 above at this step 1810. The throttle-valve upstream pressure Pa used by 
this count and an intake-air temperature Ta are acquired from the atmospheric pressure sensor 63 and 
an intake temperature sensor 62, respectively. Moreover, the air pressure Pm of inhalation of air (k- 
1) and the air temperature Tm (k-1) of inhalation of air are the values Pm (k) and Tm(s) (k) which 
were calculated at step 1815 later mentioned at the time of this last routine activation, and the 
deflection integral value SumSA (k) is a value calculated at said step 1735. 
[0160] 

Next, CPU81 progresses to step 1815, after it asks for the air pressure Pm of inhalation of air (k), and 
the air temperature Tm of inhalation of air (k) based on the 57 following and the 58 following which 
integrated with 17 above and 18 above, and were discretized, progresses to step 1895 and once ends 
this routine. In addition, in the 57 following and several 58, deltat is the count period (namely, 
8msec) of this routine. 
[0161] 

[Equation 57] 

J?2L(k) = *!L (k-1) +At-^_ (rm(k-1)-mcAVE(k-1)) 
I m Tm Vm 



[0162] 

[Equation 58] 



p m (k) = P m (k-1) + At* -j-(rm(k-1)Ta-mcAVE(k-1)Tm(k-D) 

Vm 



[0163] 

In fact, CPU81 calculates Pm/Tm by 57 above, and calculates Tm from this and Pm calculated by 58 
above. In addition, mcAVE (k-1) in several 57 and several 58 is the average of the intake air flow mc 
in a cylinder calculated by 1msec routine mentioned later. 
[0164] 

(Presumption of the cylinder internal pressure Pc, the intake air flow mc in a cylinder, the inhalation 
air content Mc in a cylinder, etc.) 

CPU81 performs the routine shown in drawing 20 following drawing 19 and this with the flow chart 
for every progress of predetermined time (1msec). Therefore, the amount [ in / CPU81 starts 
processing from step 1900, and it progresses to step 1905, and / when it becomes predetermined 
timing / said time of day t ] L of valve lifts Based on the table shown in drawing 1 1 , and the same 
table, the product value Cv (L) used by 55 above and 56 above and Av (L) are calculated, and the 
intake air flow mc in a cylinder (t) is calculated according to the same number 55 or the same 
number 56 at continuing step 1910. 
[0165] 

Here, Pm (k) and Tm (k) are the pneumatic pressure of inhalation of air called for at the above- 
mentioned step 1815, respectively, and the air temperature of inhalation of air, and Tc (t) is the value 
set up at step 2045 later mentioned at the time of this last routine activation. Moreover, SumSA (k) is 
the deflection integral value calculated at step 1735 of drawing 17 mentioned above, and Pc (t) is the 
value set up at step 1925 later mentioned at the time of this last routine activation. 
[0166] 

Next, CPU81 progresses to step 1915 and calculates cylinder internal pressure P ? c (t+deltat) 
according to 43 above at this step 1915. deltat is the count period (namely, 1msec) of this routine. 
Moreover, mc (t) is the value calculated at said step 1910. 
[0167] 

Subsequently, CPU81 progresses to step 1920 and stores cylinder internal pressure Fc (t+deltat) 
which asked for the cylinder internal pressure Pc (t+deltat), and asked for it this time at continuing 
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step 1925, and the cylinder internal pressure Pc (t+deltat) in cylinder internal pressure P'c (t) and the 
cylinder internal pressure Pc (t) according to 46 above, respectively for the operation of this next 
routine. 
[0168] 

Subsequently, CPU81 progresses to step 2005 shown in drawing 20 , and if time of day t is 
immediately after an inlet valve 23 judges whether it is at the time immediately after changing from 
a closed state to an open condition and it changes from a closed state to an open condition It stores as 
cylinder internal pressure Pc (to) when an inlet valve 23 opens cylinder internal pressure Pc f (t) 
which initializes the value of Variable Z as "0" at step 2010, and is called for at step 2015 at the time 
(at the time of inhalation-of-air valve-opening). And CPU81 stores the cylinder capacity Vc of time 
of day t (t) at step 2020 as cylinder capacity Vc at the time of inhalation-of-air valve-opening (to), 
sets the value of the inhalation air content Mcl in a cylinder from the time of inhalation-of-air valve- 
opening as a value McO (initial value, for example, "0") at continuing step 2025, and progresses to 
step 2030. On the other hand, if it is not an inlet valve 23 at the time immediately after changing 
from a closed state to an open condition, it will judge CPU81 at step 2005 to be "No", and time of 
day t progresses to 2030 directly. 
[0169] 

Next, it judges whether CPU81 has an inlet valve 23 in an open condition in time of day t at step 
2030. Now, if the inlet valve 23 corresponds immediately after being in an open condition from a 
closed state, it will judge CPU81 at step 2030 to be "Yes", will progress to step 2035, and it applies 
the value of value Pc'(t) and dVc(t) / dt-delta t to Variable Z at this step 2035, and time of day t 
updates this variable Z. Thereby, Variable Z serves as an integral value considerable amount of dVc 
(t)/[ value P ! (t) and ] dt. Then, CPU8 1 stores the value which added mc(t) -deltat to the inhalation air 
content Mcl in a cylinder from the time of inhalation-of-air valve-opening at step 2040 as a new 
inhalation air content Mcl in a cylinder, progresses to step 2045, asks for the air temperature Tc in a 
cylinder (t) based on the 59 following, and once ends this routine at step 2095. 
[0170] 

[Equation 59] 

Tc(t) =Pc(t) and Vc (t) /(MclandR) 
[0171] 

Since it is continued while the inlet valve 23 is opening, the variable Z which shows total of value 
P ! (t) and dVc(t) / dt-delta t, the inhalation air content Mcl in a cylinder from the time of inhalation- 
of-air valve-opening, and the air temperature Tc in a cylinder (t) are updated, and processing of the 
above-mentioned steps 2030-2045 goes. 
[0172] 

Then, immediately after CPU81 will judge all to be "No" when it progresses to step 2005 and step 
2030 if time of day immediately after an inlet valve 23 changes from an open condition to a closed 
state comes, time of day t progresses to step 2050 and an inlet valve 23 changes from an open 
condition to a closed state at this step 2050 by predetermined time amount passing, it judges whether 
it is or not. And in this case, CPU81 is judged at step 2050 to be "Yes", and the inhalation air content 
Mc in a cylinder which progresses to step 2055 and can be set like 1 inhalation-of-air line is 
presumed according to 48 above. 
[0173] 

Then, CPU81 progresses to step 2060, ** the inhalation air content Mc in a cylinder calculated the 
account of a top by time amount T180CA equivalent to 180 degree CA of crank angles, calculates 
the average mcAVE of the inhalation air content Mc in a cylinder (k-1), multiplies the average 
mcAVE of the inhalation air content Mc in a cy Under (k-1) by the multiplier K which changes with 
setting air- fuel ratios at continuing step 2065, and calculates fuel oil consumption fc. In addition, 
since the average mcAVE of the inhalation air content Mc in a cylinder (k-1) is proportional to the 
inhalation air content Mc in a cylinder, fuel oil consumption fc will be calculated according to 
several 2. And CPU81 progresses to step 2095 and once ends this routine. 
[0174] 

moreover, time of day immediately after an inlet valve 32 changes [ time of day t ] from a closed 
state to an open condition — not but — and the time of day immediately after [ from an open 
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condition / closed state ] changing — not but — and when this inlet valve 32 is the time of day in a 
closed state, after performing processing of steps 1900-1925 of drawing 19 , CPU81 is altogether 
judged at steps 2005, 2030, and 2050 of drawing 20 to be "No", progresses to step 2095, and once 
ends this routine. 
[0175] 

The inhalation air content Mc in a cylinder is presumed by the above using each model, and the fuel 
oil consumption fc according to this is determined. And CPU81 performs the fuel-injection routine 
which is not illustrated to predetermined timing, and only said determined fuel oil consumption fc 
injects a fuel. 
[0176] 

As explained above, according to the operation gestalt of the fuel-oil-consumption control device 
containing the inhalation air content presumption equipment in a cylinder by this invention, the 
cylinder internal pressure Pc and the air temperature Tc in a cylinder are called for with the cylinder 
model M5, and the inlet-valve model M4 is provided with these values. Therefore, the inlet-valve 
model M4 can calculate the intake air flow mc (therefore, inhalation air content Mc in a cylinder) in 
a cylinder by the numerical calculation according to 22 and 23 (in fact 55 and 56 above) above rather 
than can be based on the table retrieval by many variables like before. Consequently, while being 
able to reduce the effort which adaptation of a table value takes, fuel oil consumption fc was able to 
be calculated with a sufficient precision. 
[0177] 

Moreover, the throttle passage air flow rate mt presumed with the throttle model M2 based on this 
deflection SA and the intake air flow mc in a cylinder presumed with the inlet- valve model M4 are 
directly amended, respectively so that the deflection SA (the above-mentioned deflection integral 
value SumSA) of the throttle passage air flow rate (presumed intake air flow) mtes and an intake air 
flow (real intake air flow) mtAFM may be set to "0" by Observer OBS. Therefore, it becomes 
possible to be able to make the intake air flow mc in a cylinder (presumed inlet-valve passage air 
flow rate) increase directly, consequently to make the inhalation air content Mc in a cylinder 
increase, without making the air pressure Pm of inhalation of air presumed with the above- 
mentioned inlet-pipe model M3 increase, when the throttle passage air flow rate mtes is smaller than 
an intake air flow mtAFM. 
[0178] 

Therefore, even if it is the case where throttle-valve opening has an internal combustion engine in 
the throttle full open steady operation condition which becomes fixed at the maximum opening A 
steady error with the inhalation air content Mc in a cylinder presumed to be an inhalation air content 
in a cylinder actual irrespective of the size relation between the throttle passage air flow rate mtes 
and an intake air flow mtAFM can be reduced certainly. Consequently, precision was able to 
improve the air-fuel ratio of the gaseous mixture which bums with an internal combustion engine as 
the value of an aim by obtaining the proper fuel oil consumption fc. 
[0179] 

This invention is not limited to the above-mentioned operation gestalt, and can adopt various 
modifications within the limits of this invention. For example, although the observer OBS as an 
amendment means has amended directly the throttle passage air flow rate mt presumed with the 
throttle model M2, and the intake air flow mc in a cylinder presumed with the inlet-valve model M4 
with the above-mentioned operation gestalt, respectively So that the deflection SA (the above- 
mentioned deflection integral value SumSA) of the throttle passage air flow rate (presumed intake air 
flow) mtes and an intake air flow (real intake air flow) mtAFM may be set to "0" The product value 
Ct (thetat) of a flow coefficient Ct (thetat) and the opening area At (thetat), At (thetat) which are 
used in three above and several 4 based on this deflection SA, And the product value Cv (L) of the 
flow coefficient Cv (L) used in 22 above and several 23 and the opening area Av (L) and Av (L) may 
be amended, and the above-mentioned throttle passage air flow rate mt and the above-mentioned 
intake air flow mc in a cylinder may be amended as the result, respectively. 
[0180] 

Moreover, additional adoption of the exhaust valve model for presuming the air flow rate me which 
flows in a cylinder 21 through an exhaust valve besides each model of the above-mentioned 
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operation gestalt can also be carried out. In this case, as shown in drawing 21 , the exhaust valve 
model M7 is connected to the cylinder model M5, and it is expressed by the 60 following pass the 
same derivation process as the inlet- valve model M4, and the 61 following. In addition, in several 60 
and several 61 , Pe is the air pressure in an exhaust pipe, Te is the air temperature in an exhaust pipe, 
and when, as for several 60, air flows in a cylinder 21 from an exhaust air system (Pc<Pe), the 61 
following are used, when air flows out of a cylinder 21 into an exhaust air system (Pc>Pe). 
Consequently, when air flows in a cylinder 21 from an exhaust air system and air flows a forward 
value out of a cylinder 21 into an exhaust air system, the above-mentioned air flow rate me is 
calculated so that a negative value may be taken, respectively. In addition, it is desirable to form the 
sensor which detects the air pressure in an exhaust pipe in this case, and the sensor which detects the 
air temperature in an exhaust pipe. 
[0181] 

[Equation 60] 



me = Cv(L)Av(L)Pe 



2/CRTe 



/c+1 



Pc 



1 



^2 



/C+1 



[0182] 

[Equation 61] 



me = -Cv(L)Av(L)Pc 



2tfRTc 



K 



/C+1 



Pc *+1 



[0183] 

Moreover, in the above-mentioned operation gestalt, although an injector 39 injects a fuel towards 
suction ports 31a and 31b, it may be constituted so that it may inject directly into a combustion 
chamber 25. 

[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram of the system which applied the fuel-oil-consumption 

control unit containing the inhalation air content presumption equipment in a cylinder by this 

invention to the jump-spark-ignition type Taki cylinder internal combustion engine. 

[Drawing 2] It is the outline top view showing the near parts of the combustion chamber of the 

specific gas column shown in drawing 1 , and this combustion chamber. 

[Drawing 3] It is the outline perspective view of the air flow meter shown in drawing 1 . 

[Drawing 4] It is the expansion perspective view of the heat ray metering zone of the air flow meter 

shown in drawing 3 . 

[Drawing 5] It is the graph which showed the table which specified the relation of the output and 
intake air flow which are the air flow meter which CPU shown in drawing 1 refers to. 
[Drawing 6] It is the functional block diagram having shown the connection relation of the various 
models adopted in order that the electrical control unit shown in drawing 1 might presume the 
inhalation air content in a cylinder. 

[Drawing 7] It is the graph which showed the table which specified the relation of the accelerator 
pedal control input and target throttle-valve opening which CPU shown in drawing 1 refers to. 
[Drawing 8] It is the graph which showed the table which specified the relation between throttle- 
valve opening and a coefficient of discharge. 

[Drawing 9] It is the graph which showed the table which specified the relation between throttle- 
valve opening and opening area. 

[Drawing 10] It is the graph which showed the table which specified the relation between throttle- 
valve opening, and a coefficient of discharge and the product value of opening area. 
[Drawing 1 1] It is the graph which showed the table which specified the relation between the amount 
of valve lifts, and a coefficient of discharge and the product value of opening area. 
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[Drawing 12] In order to explain the variable used since a cylinder model is expressed, it is drawing 
having shown a cylinder and its near notionally. 

[Drawing 13] It is a timing diagram for explaining the count result of the cylinder internal pressure 
by the cylinder model. 

[Drawing 14] It is the graph which showed the table which specified the relation of the throttle 
passage air flow rate and perfect heat release which CPU shown in drawing 1 refers to. 
[Drawing 15] It is the graph which showed the table which specified the relation between the sum of 
the response heat release which CPU shown in drawing 1 refers to, and the throttle passage air flow 
rate based on the value which the air flow meter will output. 

[Drawing 16] It is the flow chart which showed the routine for controlling the throttle valve which 
CPU shown in drawing 1 performs. 

[Drawing 17] CPU shown in drawing 1 is the flow chart which showed the first portion of the 
routine performed every 8msec(s). 

[Drawing 18] CPU shown in drawing 1 is the flow chart which showed the second half section of the 
routine performed every 8msec(s). 

[Drawing 19] CPU shown in drawing 1 is the flow chart which showed the first portion of the 
routine performed for every msec. 

[Drawing 20] CPU shown in drawing 1 is the flow chart which showed the second half section of the 
routine performed for every msec. 

[Drawing 21] It is the functional block diagram having shown other modifications of the operation 
gestalt of the fuel-oil-consumption control device (inhalation air content presumption equipment in a 
cylinder) by this invention. 

[Drawing 22] It is the functional block diagram of the fuel-oil-consumption control device 
(inhalation air content presumption equipment in a cylinder) which these people are examining. 
[Description of Notations] 

10 — A jump-spark-ignition type Taki cylinder internal combustion engine, 20 — Cylinder block 
section (engine book soma), 25 [ — Adjustable inhalation-of-air timing equipment, ] — A combustion 
chamber, 31 — A suction port, 32 — An inlet valve, 33 39 [ — Swirl control valve, ] — An injector, 41 
— An inlet pipe, 43 — A throttle valve, 44 44 a— SCV actuator, 61 [ — An electronics control throttle 
model, M2 / — A throttle model M3 / — An inlet-pipe model M4 / — An inlet-valve model M5 / — A 
cylinder model M6 / — Air flow meter model. ] — An air flow meter, 80 — An electrical control unit, 
81 -CPU, Ml 
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* NOTICES * 

JPO and NCIPI are not: responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram of the system which applied the fuel-oil-consumption 

control unit containing the inhalation air content presumption equipment in a cylinder by this 

invention to the jump-spark-ignition type Taki cylinder internal combustion engine. 

[Drawing 2] It is the outline top view showing the near parts of the combustion chamber of the 

specific gas column shown in drawing 1 , and this combustion chamber. 

[Drawing 3] It is the. outline perspective view of the air flow meter shown in drawing 1 . 

[Drawing 4] It is the expansion perspective view of the heat ray metering zone of the air flow meter 

shown in drawing 3 . 

[Drawing 5] It is the graph which showed the table which specified the relation of the output and 
intake air flow which are the air flow meter which CPU shown in drawing 1 refers to. 
[Drawing 6] It is the functional block diagram having shown the connection relation of the various 
models adopted in order that the electrical control unit shown in drawing 1 might presume the 
inhalation air content in a cylinder. 

[Drawing 7] It is the graph which showed the table which specified the relation of the accelerator 
pedal control input and target throttle-valve opening which CPU shown in drawing 1 refers to. 
[Drawing 8] It is the graph which showed the table which specified the relation between throttle- 
valve opening and a coefficient of discharge. 

[Drawing 9] It is the graph which showed the table which specified the relation between throttle- 
valve opening and opening area. 

[Drawing 10] It is the graph which showed the table which specified the relation between throttle- 
valve opening, and a coefficient of discharge and the product value of opening area. 
[Drawing 11] It is the graph which showed the table which specified the relation between the amount 
of valve lifts, and a coefficient of discharge and the product value of opening area. 
[Drawing 12] In order to explain the variable used since a cylinder model is expressed, it is drawing 
having shown a cylinder and its near notionally. 

[Drawing 13] It is a timing diagram for explaining the count result of the cylinder internal pressure 
by the cylinder model. 

[Drawing 14] It is the graph which showed the table which specified the relation of the throttle 
passage air flow rate and perfect heat release which CPU shown in drawing 1 refers to. 
[Drawing 15] It is the graph which showed the table which specified the relation between the sum of 
the response heat release which CPU shown in drawing 1 refers to, and the throttle passage air flow 
rate based on the value which the air flow meter will output. 

[ Drawing 16 </A>] It is the flow chart which showed the routine for controlling the throttle valve 
which CPU shown in drawing 1 performs. 

[Drawing 17] CPU shown in drawing 1 is the flow chart which showed the first portion of the 
routine performed every 8msec(s). 

[Drawing 18] CPU shown in drawing 1 is the flow chart which showed the second half section of the 
routine performed every 8msec(s). 

[Drawing 19] CPU shown in drawing 1 is the flow chart which showed the first portion of the 
routine performed for every msec. 

[Drawing 20] CPU shown in drawing 1 is the flow chart which showed the second half section of the 
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routine performed for every msec. 

[Drawing 21] It is the functional block diagram having shown other modifications of the operation 
gestalt of the fuel-oil-consumption control device (inhalation air content presumption equipment in a 
cylinder) by this invention. 

[Drawing 22] It is the functional block diagram of the fuel-oil-consumption control device 
(inhalation air content presumption equipment in a cylinder) which these people are examining. 
[Description of Notations] 

10 — A jump-spark-ignition type Taki cylinder internal combustion engine, 20 — Cylinder block 
section (engine book soma), 25 [ — Adjustable inhalation-of-air timing equipment, ] — A combustion 
chamber, 31 - A suction port, 32 — An inlet valve, 33 39 [ - Swirl control valve, ] — An injector, 41 
— An inlet pipe, 43 — A throttle valve, 44 44 a— SCV actuator, 61 [ — An electronics control throttle 
model, M2 / — A throttle model M3 / — An inlet-pipe model M4 / — An inlet-valve model M5 / -- A 
cylinder model M6 / — Air flow meter model. ] — An air flow meter, 80 — An electrical control unit, 
81 -CPU, Ml 
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DRAWINGS 



[Drawing 1] 




Prawing 2] 




[Drawing 3] 



http ://www4 . ip dl .ncipi . go jp/cgi-biii/tran_web_cgi_ej j e 



9/21/2006 



JP,2004-1 16459,A [DRAWINGS] 



Page 2 of 9 



61 




[Drawing 4] 




[Drawing 5] 
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[Drawing 6] 
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[Drawing 7] 
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[Drawing 16] 
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[Drawing 18] 
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^itft56i-*-r-7';l' y 9 T ? — 7 A> * ~? y 7 ) 5rl5tgLTV^T, *|g©x/'y' 
>IsI$EJSSNe, H^OiSft#ISW^Y5>^VT, S.y f 'Sft#ft^: i ;7b*Lmaxi: 
, ftKE«LTv»4-r-://ufc:^'?Jl:fl|fi&»:c, ft ^BE ^ ft d «: * * * o * , «R ft 
# * f *M 3 0 It , ft # ft K i5 v» T , ft j£ 4 m. ft ft * X )V M 4 0 U <t 0 BE U * 56 S it 
Tv»4t* ( ft ft ) 0**#BI*«)ift«frtS»ESPmk«»ffl$ftatTmtt± 40 
IS ft 1 «l*liS5:A2fftBit4mc^*56i--5.o 
[ 0 0 0 8 ] 

ftftft*f;uM4 Oli, ft ft « SU i: j. * a- ¥ - ft ft SO t U it it » v> sS: (= L tz 
o T , XDy h;l/- ; e'r*AM2 0K«fc I) JlgSiifcxn ? h^iijS3tft»itSmt i: , i%ft# 
?f)VM3 0tr<t QftftSfLfcftrtftXftftftftmc t^fflv^T, iSft#PSI^oqRftftrt 
ftftffi*Pm4rftjei-*J:-9U4oTV»a. fit, -C0^F«3iaA^ft*«l^^«l±> t(r 
8BiRftft^T';HVI4 Ot-J; •)«S$it^^ft#«B#coi5lftftF , 93sftlE^lPmUfto*v^Tlgf 
flKAS^IMc ^ISt4 ii i:ictv>4„ 
[ 0 0 0 9 ] 

I ft ft X ft 1 ] 50 
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1?Sf 6 - 7 4 0 7 6 ^-^m. 
[ 0 0 1 o 1 

^Oi<?)trtiSAS^ii5mti:it LT> $I<0!ilIAIi, IIPgOfgirti&ASgftfttTitr 
a<0i-)i:if ?n^:firtiRA^tfMc totf M^^ii/h? < L, H « ife S ft tt 
fi®A£ftfiMcO«£ffij££|6]± W T W J: 0 £ * 7' -*f - £ £ *D * - fc 

* ft L T v» 4 (1fffi2 0 0 1 - 3 1 6 3 5 0 ^#iS) , 
[0011] 

bp *> , 3 o * f v - >< ii > n ttn n o & ft a b £ e tt $ ft « £ * 'k nift & flit u a a $ 

ft*fll£<7>iRA£ftsfE«: ( H D£ A £ ft sit fi ) mt AFMtttItix77n-^-j- ( £ 10 
ft fit ft -fc > ) t> BiT7o-^-3'i:ov>.t(0 ; &f^t , 3b4iT7D-^-^f)l' 
JtfflLT, lWKI|iRA£ftaE*jJ I ttIB*n-.y h/P^f ^M2 0KJ:>)ji5ESftfc}i5e* 
n -j h^ifijlffift8t*m t r*StfigLfc»^i:Wx7 7D-^-?i«IUJ!itS-p*5 
dffi*«*«5ei-*ttt^R«5eLfwa*ttU*v»TlWrlB«ftattl=(RASft*iRA^ 
ft****ife«RAfflftat*mt e s fc LT«j£-r*iRA£ftaE*«£#Ki:*fll;U « £ 
t A^Mif m t e s iilXS^Iim t A F M t<0fiii:£. C T H ^ n 7 h ;w 7* >!✓ 
M2 OK J: 1) Jt £ $ ft tz & 5e * n ? h^aiaHSlim t «rMjE-r4.t ; jlc^oTv^ 0 
[0012] 

Z O J: 7 % * 7 -*f - ■>< £ & m L fz Z t l,z J: t) , M x. l£ , JtfciRAffiftSfcftmt e s * f * « 
A £ ft st ft m t AFMi •) HSv»#, ttxn y h ;l-»jl£ftst4m t 5e i& A £ 20 
ft St * m .t e s t*i&A£ft«t*m t AFMtWfi UK £ C tz ft It A £ < tx Se £ ft "t" > 
i <T> & *\ * n y h«//<^rT8ttO«r|B"Rft«rtSftffi»Pm* t ii*i-4ifct:J:i)f(Sl*3 
*ASStlMc>J|*t4. ffl * »= , *SgfRASftaE*mt e s7&*H!RA£ft»*mtA 

FMi i) i)Alv>t^, ifttX^IiMc)i ! «^ti, i:U, H mo « rt 

AS&ft*i:«l5i$ftfc«frtiRAfflft*Mc t O s£ # fi<j & f£ M rt* * S < & £ 0 
[0013] 

1 75- l & a* <b , fiinrd^xo 7 h >u y m m #* « a ■ o bh et x- - £ t & -s * n ? h >u £ 

MfeflfdHEttSR U * n y h ;u ^ T ^ O © ft f = ft £ ft JE £ P m li * a ■;/ h ;l/ 

/< * ^ ± SE O ffi * ( BP *> , A ft E P a ) iHt*i:*?v>H:*t*i<49Tv>i, 
&oT, 8* « ffi * s It IB * D -j hn/^BBSfe#aiE«®tC*oT, Io«5E«A^^Iim 30 
t e si s ttASKIlmt AFMiH'J^v^^, iIJi yf i SISX n 7 

■Kftt^^ftMPm^E^KAftJEP a <fc lb A § < & o T X n y ^tf)H(2 0 U 
il)i^?it4i5E^D'yb fl'Iii^SCiSim t ^t^CftOl ( it at * ^ i~ ) fc * 

A £ ft ft M c i# A *t -f , i co|§* , *IR<0ttrtiRAffift*i:«l5eSftfc«rtiRAffift* 
M c t05e#W*KSj5*5SffUT L * -5 « * 4 tv>i Pp11^*o^o 
[0014] 

&oT, ^^ijroifili, rt&«W©'>y>rrtK!RA$ft*tti*3iftA£ft**!ftft*«> 
*? , >Mcafc^v»T*5£1-*rtJ»*i»o«^«^£ft*«5fe3S«T?*o-c\ nm<7>ffi\HW.\ 40 

£ft*fc*5feLfcttrtiftAffift*fcO£1|fWfcKMfc«*MUfli: * + *it*»T§*<>0 
Z> Z. t \,z h Z> 0 
[0015] 

# ffe 9i <t> # gfc fi , WI««OR«aRKER5iifcXD7 h ;u ;w 7 £ M & i" * £ ft U o 

LTiilt^^nv h«/-iiii2Sftiit*«l5e#f!:t, «r IS <& ft il & t -> -J > t & 

as • ^ffif-r^isft#^aii-r4^ftt-ov»To^7 : ';i.^^fflLTm]iaft#s:aiM-r-5»^ 

ftSlE***j£iftft#»ia3£ftSlE*fc Lti^t^f ^tll^^Ili^f st^ 4> < 

t & hit le « 5g * a h/uiiiaffiftiitt*i:ittEai56iRft#iiiftffiftsit*tuafev»TtnBv'; 50 
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iwo«rtiRxffi^4i6se«t«*^ mB««a*»:*xsii4iii»«>*x3S»a*tci&i:fc 

S -t > -9" t , *ES*ili-b>*i:ov>TO*f *i«ffiL-c, litF f £ * 1£ A £ M 4 * J li-r 
IB it 5e * n y fc(E5kLfc»-S-UH£lKSfc*-fc >^t5* & 

i:«rBiRft*ajl38*a*aj6#««-1tjEi-**|jE¥ai:fr«itfcCfcU**o 
[0016] 

d i U * v» T , lit IE It iE # & li , «riBiRft*aiftS«a*i6Jfe¥S^J:»)«S6$^^«rlB 

«ue"Rft#aaffi*aE*«:tt«i«iEi--6 «t 3 k n * * # a a js *i st* * # « * * je i- * 
«t ifflt?ixTv>t(), Rift«*aa^jRStt*it5e#a* l iai*ife"R5c#aas*st*<:* 

, *<n&* t-\*r & &&&& ftai&&&mm*n jet & z $ i~m&* ft 

[0017] 

ci^-ciEi^xo y h )i> a a ^ ft sse a £ fit m -r z> <t o k utr ie * n y h * a a as & sk * 

f5Efg * t> »jE+ * «t *> Mf& £ n * £ i: T? * h o -CD lR K » jE # & 14 % 

t isxn 7 ba<aa2«**«je¥8:uj:*>jijesrt.fc«rE«ie*ny nnas*«i 

* itt * M lEI" * 4 ? o y h ;P«a£^vjfL*it5£^l££tiIE1-* <fc 9 U « j£ 3 JiTi> 

r*, m * o * h^aa^^csttiitie^a^iBiiiSE^ny-h^aaffifcsEM'SrJiJet-iiR 

*t LTRig^n^ h^aaffi*Ca**»IEi-4J:-9URI^n-/ h^aa^5tStt*jt5fe 
[0018] 

*5giaac#aa£5ta£**»iEi-* 4 c««#aa$fiai«sfs«'iiisji4. « 

oT, 8t5e"& Xffi*aE***#|iftAffi*«* 4 ») *> * $ ^m&, ±E»9!4 , *»L J: o t t 

Li6&ifc&<, fc«ttt::jije«&#aa£at** (tfiiA^^illmc) I, 

*L4ttrt(ftAffi*l* (Mc) Srlf^-frUAiifc^Rrifei:**, 
[0019] 

©*'J^ii:ftfctfi^O®flt A 'ffi **fcJiit$ii.fcttl*3iRA£aC* (Mc) t <0 5e 
#W*«£*»2£Kffi;*1-*£i: ^OM*, rt««Mi:: 4 

£^Jfc£«j£j§l<B>r5e<9'IIt1-£>r t *» -C # * e 
[ 0 0 2 0 ] 

* , ±ELfcv»i*fr*Ort««M<Dttrt«A£*C**jeat1t(i, * * - « # I'J I- £ 
o* v> X * * <b tv |E -> 'J > r iZ o v> T <0 * f* A- £ « ffl L T P! v 'J >^rtOJ±*Srth#U 

•t^a^i-^tgjrtEtjfli^^s^fflx, ttriei!5fc#aa^^;»it**^¥S(±. utr ie it se $ 

ft v 'J >^|^OJE^*^ffl L^Kriei?lfl#5:aa-t-^^fCUo^T<7)^7 :, ;HcJ; •) ffr f B 
«jc%*#aa3S«»*S:aHe-J-*J: "7 i:*)S?*iiiiii , »lt?*i, 
[ 0 0 2 1 ] 

£ fttc «fc ftlf , -> V > ^ 1*3 O EE £ ( fiS 1*3 EE # ) rt*ft # K 4 <9 # 46 <b ft * o i ti, fiS 1*3 EE *J 

a* * * h ti n if , i&^^aasfcsKiaiTE^&iix ra«rts**nfflt^: r © ft # £ a a 
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(iEJtWffiftc, S^ai^Xf df ) 0>a-&*fT-*ii:fc<, ft l*l US . A £ ft 

S (Mc) ri*iin)6i:fc*o 
[ 0 0 2 2 ] 

frIBiRft#a * *E*ft# * i«t -5 £ft w» 

t«tf)Hi, M, S tt fi fit M , S^St«#IUi:«^t#?»iifc^f- 

*t;b5:i:* ! 4flt*J. i *i u 4 ft if , g s* gu -c ii < , ft S ft KM- L o r ^ $ 

it fc * r * < 5* ) !-4»)#i5Et&ft#;iia£ft»fEfi (ttrt"RXffi«3E*mc) «: ff » « i 

1 rt* T § 4 0> "C , « W (ft A 2 ft * (Mc) 0«^ffl)K*(fi]±1-^-t75*T-§^o 

[ 0 0 2 3 ] 10 

[ » w on m co & at ] 

»8i:ov»THit#iLooRiSt4 0 Hi li, d <r> m «■ * It S M » it 11 iAc ?E jft -A £ 
^ ft ffi ( #J x. If , 4 ft ffi ) rtitlHl 0i:lfflLfc5/^f A«)|[lSll«t*L-C^4, 
[ 0 0 2 4 ] 

rt *8 US ^ 1 0 14 , v 'J > y f D y * > -> > $r D y ? n 7 - - X , atf^O^>f 
* * tr v 'J > ^ 7 D 7 ? a 2 0 t , v >/rn 7 ? S 2 0 Ol I: I t ? •/ 'J > ^ 

t , -> u > sr 7 o y * su 2 0 * "b <d m if * i ft SB k. ifc ttt 1- z> tz *> <r> m ft m & 5 0 t i & ^ 
ti.^. 20 

[ 0 0 2 5 ] 

v V > tr ~f o y ? SB 2 0 14 , is l ) > V 2 1 , fxh>2 2, a > n y K 2 3 , Zf 7 y > 
?»2 4^A,fi,^o k^b>2 2li-/'J>y*2 lrt*ft«iL, h > 2 2«tt* 

ft#3 > n 7 K 2 3HLt?7>?«2 4 I- it £ ft , »}[W|^7>^tt2 4 75 s 

BfitiiiCftoTV'i, v > y 2 1 t tf X h > 2 2 CO ^ -y K l± , v V > f v K SB 

3 0 t <k <>lc^^M2 5ii«Uv^. 
[ 0 0 2 6 ] 

-> > y ^ y K SB 3 0 14 , liI2 5i:HU«*#-h3 1 , "ft ft # - h 3 1 SIS 
ti«St#3 2, "ft ft # 3 2 tilitS'f >f-^*Av t7 h t^trt UCB-f >f 
- * * A v A- V b CO fit ffi ft & tf PI ift ft # 3 2 <75 /< )l> 7* 'J "7 h * ( * A /< )U f V V \ * ) 30 
iSfi5i:f ILI#4t^tIiitt3 3, t^#«ilgt 3 30T?f ax-^ 3 3 a, 
lil 2 5 1:11 Litffi^-f - > 3 4, it* , -F3 4J|»t4iS#3 5 > » ft # 3 
5tI»t4i* , /-^F*A'/t7h36, & A -f =7 7~ 3 7 , fi'A7*7 7'3 7 
^SE^H4t4 ^ - y v a v n^T ^S-g-tf-f y+ 4 y 3 8 , HLVPmm^^L%.^- Y 3 

[ 0 0 2 7 ] 

"aft^^4 014, ©ft*' - h 3 1 ciaint - h 3 1 t t % \,zwL%mm^WL-r i> 

-f>-y--*-7-*-A'K4:£-trqftfttf4 1 , ®ftl : 4 lcO^SBI-l£tt'bti7t:-i.T-7'f;v-^ 

4 2, » ft * 4 lrttC*oTiRfti§»<7)IBOBflB»4rflr9£fci-*^ny 3, 
RffX7-)l'3>FD-]l'/()V7' (tl>T> TSCVJ i:^Pf-r>5o ) 4 4-ifAtV 1 J s 40 
x n y h )i/ 3 li, D C * - ^ is 4 4 ^ n 7 F;l'/^ , /7^fax-?4 3 a I: 
4»)^ftl : 4 1F t DT'iafelEt!l?tt^>4^U^oTV^ 0 SCV4 4I4, fffi^D 7 h/U^ 
*7*4 3 4 I? ^TcET'^IB'f >vi ^ ^ 3 9 4 <0 ±ij£<7> fi:g (r T fllr 12 ©ft® 4 1 L 
ESl^TtglC^^^tL^ttti:, DC^-H^^SSCVT^fiX-M 4 aU4 <0 
®&mW) 2 ft 2> £ 9i:ioTV'J, 

[ 0 0 2 8 ] 

02 14, -ocDftfiS (#^Oft«) co^^M2 5, S.y f |e]^eig2 5CDj£M55-col8EB§¥ 
BBfiJ, H2lC75L7t:4 J 7lc, mie"Sft#-b3 114, HHtiri4&ftfgnc-*t-foI§: 
It <b ^ 7>: © ft # - b 3 1 a, 3 1 bsfc&fcoT. v»4„ >35ft^-h3 1 a 14, 1112 5F*I 

i: X 7 - )V ( fig m sfE ) *^±$Hi:^4 ; j|C^';7>;l't)cUBfiS;$ttBiffiX'7-;l'**-h«:« 50 
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ft I. , (&Sv*-h3 1 bliRfffflx h I* - h © ^ t= 4 1 O - v * 

> * (01 i:i5i/>TflFtSGi:J: DSt. ) i't.#i*S2 5UI4»» ( EP *> , -i > t 

- >? -7 z. * - )u k <n - ^ ) ici±, Kit 4 l ^I¥S|6ii:ieoT(*[) ! 4ii4 1 a ff* ft 
? ii t ^ T , i*Li:J:i)iR««4 1 14 IR & # - h 3 1 atcjSill-a^l^^-?^-* 
-* K4 5 i , i& $l # - b 3 1 b i:ait4^2 Of -?7j:*-* K4 6 ti:EI? 
ft T v> * „ RS g 4 1 aOltflBfCtt* 1 , |20f-?7r*-^ K 4 5, 4 6 £ jl 
« 1" * il g§ 4 1 b t!>* ff2 ft £ ft T v> T , f E-f >vx^ ^ 3 9 4 1 b <75 & <g 
ft \Z m 5c $ ft , F 3 1 a , 3 1 b UflHtTlft «r*Jtt 4 J: ^:4oTi->4. 

[ 0 0 2 9 ] 

HBSCV4 4li, »2-f>f-^Ti*-*K4 6Ufx.tft-CV>4. & o T , SCV 10 
44#|2r/f-^7^*-)PF4 6^ltJt, £ ± t L T IR 5R # 

- h 3 1 a«ra«l,T*!&ttS2 5 |*3t:f XSft, |a] & S 2 5 ft C X 7 - ;M f 14 L > <1 
ftU4^@:fcj§£^Jfc-e<9#**£7& ? iiTligt&*o — # , S C V 4 4 j! s ® 2 O f - ? v ^ * - 

- ;w K 4 6 «r RJ ft 1" * \ £ fC * s W •» jR * - h 3 1 a, 3 1 b *iaLtli!2 5 1*3 U 
RXSft, i ft iz J: »j , mmm.2 5i:»X?H4$fti*fJiaL, $ilWoai*i£ii*$-e 
& i nT ft i: * o 

[ 0 0 3 0 ] 

ff 0* El 1 Sr # m -t Z> t , 8f » S% 5 0 14, ffi *C # - h 3 4 a M L J. * / - * Y y - * 
x+ 7*-^ h/W 7"5 2 C^g?^fc««3 >K-? ( = x««l£ft) 53t|x.Tv>i 20 

o 

[ 0 0 3 1 ] 

- ft , ^OvX-rAJi, S^lt-t >t t Lt<0»||Sx77 n-^ - ^ 6 1 , iR -fc 

> -9- 6 2 > -K % S. -fc > ■? ( X d -y h ;U ;u r ± sK JE 2j -fc > -9- ) 6 3 , * n > h ;u # v v a 
>t>t64, S C vaK-t'/t 6 5, *A*yv3>t>t6 6, ig#'J7H-f/ 
t6 7, ?7-/?*yy3 >-t>t6 8, tR S. -fc > -9" 69, 0 2 -t>t7 0, S^7 ^ t 
*IIS-t>t 7 1 * H A T v» 4 o . 

[ 0 0 3 2 ] 

iT7n->-^6 1 li, «EB&#H&BT**|83KjFl.fcJ:?K, B£ $1 § 4 1 * St ft. 4 
KASftO-flStvW/^ ?*4/M^xaBt, d <D /< -i /N* x a K /< -f /* X $ ft OS 30 
Affi*<Ojf*»**tt-iB-r4rR«l«-*«6 1 at, If * S JTiat U£ C fclE V g 

(mitt) frm^-r^ft-f-Ms^e 1 btA^iotvs. & «a ft a as 6 1 ai±, * o jc 

1 a 1 i , RI^^fitt«9fflt£trt 6 1 a 1 ^mrfS«-f-^S§IS6 1 bUlltUSStit* 

- h S& 6 1 a 2 , *P ffl « tJt ( - * ) 6 1 a 3 £ , |BJ &D ffl *£ ft 6 1 a 3 J^ffif f 
MSB6 1 bt=atttffiiJ*-r*-9-sK - h SB 6 1 a 4 ^IUv>4, ffi -* % 9 ffi 6 1 b 
14 > i&$tiSftrj!!lffl}g#t6 1 a 1 fc fln » fli IS t»t 6 1 a 3 i:-e««$ft4y; ^y'iKHL 
, C1C0-7*'; y '/BBt:J:'5««lttilllfiSt6 1 a 1 i *D Ift ffl ffi tft 6 1 a 3 tWi&SlS' 
#K — j6U*«fi-AJ:-9UHan!!&fflJSJ£6 1 a 3 Cfti^t 4 H^j ^ i ft 4 i i: t I:, £ 
Ofti^t4 1^ ^tlBSEVg i:f feLTHi Jt4 i t i:*otv>4. jlt 7 u - * - ? 40 
6 1 OiilTjV g fc#|iRA£§i;5fE*fc L T^tA^^llm t AFMOIW&I4H5 izfp L tz 

fc £ ») t? * 4 o 
[ 0 0 3 3 ] 

qR^S-tv-^6 2 14, iT7n-^-^6 lrttcfl|x.(bftTv^T, i&A^^COiSKfcl&tB 
L % t^iatT a *^tf f *tH^t4 i ^ C^oTV>4„ 7C^JE-t>^63(4, * n -y 
h;t-^';l,^4 3co±5tt(7)ffi7j ( BP *> , T^^IE) £ 1$ ffi L > X n h*A^7*±jSE^P a 

* /< ;W r 4 3 <D ffi Bt ( X u y Y )U /< ;W r @a S ) tttlj L> XD'; HW^vrfflSTAig 
tif ^UiSt4 i i i:^otv>4o S C VSS-t>t 6 5 li, SCV4 4«HSitili 
L, SCVIU* i Tt*t«*tlil*tiJ:H49TV>i 0 50 
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[ 0 0 3 4 ] 

g >-t>t 6 6li, 4 > t - 9 * A v m y Y 9 0 ° IgtiSi: ( IP *> , * 
7^*24i ( 180' M n -t 2> K ) — oo/Oi^fctf-fift-S- (G2flf) £ #£ £ 1" 

Stfji'^HOtl r 0 J 9)««rt4«ft#'J 7 MLSrjttif *WSt4iTi:4ot 
v» 4 . ?7>?.fy->3>t>t6 8li 1 ?7>?»2 4< { 1 0° B(E-*-*4S 
*^tSt4tUi:B?5>^i2 4 rt* 3 6 0° E $£ £ & K i|>I £ O >W * £ # 1" * ft 

ii:5ot^'4, 0 2 -fc > * 7 Oil, «I3>A'-J 5 3 U » A i" * # * <*> O St * * * 10 
CC't^Hf ^iiiJt4 i t C4oTW4„ 7?-t)l/^St>f 7 1 li> S(Ef I: J: ot ■ 

o 

[ 0 0 3 5 ] 

itilii8 Oil, 5i>i:/UtlS?nf;CPU8 1, CPU8 1 i'tlff t 4 ^ 
7 A , f-r* ^7 7 7*) > ^Sf ftSf L/:ROM8 2 /C P U 8 H s £'SCl£.i: 
tf-^ J-HKi:fit4RAM8 3 > I 8£ A S a tz *K ft f - 9 i *fi + <& t t 
fct:^^ttLfc7'-niS^Ii?ilTV>4|ill«,'ffi#ti^7?7 77RAM8 4, R 
y t AD3>;<-^^tf05'-7x-^85f*ibi47<?Dn>t: , a-J'fi4 0 
^>^-7i-X85l±, ttE-fc>-9-6 1~7l£iBtt3*L* CPU81i:t>t61- 20 
7 l*«)«)i*t««tittU, HCPU8.1©»$KI6 C tf 3 3 (O 

7^f ii-n 3 a, Ut038, O i M 3 9 , Xnyb/U/<*rT**-a. 
i - * 4 3 a > RtfSCVT**-*^-^ 4 aUEftfif Sriffl t 4 i i C ft o T V> 4 

o 

[ 0 0 3 6 ] 

& K , i i iifclfillff llgti: U -> ? a v - •> a > * t )\> £ ffl v> 

CPU8 1^7 , ny7At*fft4itKJ: "34$ft4, 

[ 0 0 3 7 ] 

(i»*ttif cOftt*ft-ttrtiRX$jSiMcO*!l*ft) 30 

£ « # L & it ft if £ <b & v> 0 4 £ . ««S2'5rtJ:it«WU«fl-*"«»ti-*^S:ort«t 
IS N -C * o T i> , »atff«##Ti-*ttt= «J&K**a*o £ fc *t> , fi- * 

#t fi *IJ $ $1 fi l± , IR SC # 3 2#Hi:/^*T- ( BP *> , # ffl B# U ) ra»ttF«iUiRA$tt 

TV»4f*4o«fl«A$»iMc *"R«#5J*H#i-4Wt= : P«IL-. T IS » 2 U * ^ w r 
& fi- * It * f c £ & 1" £ 0 ft 2 U £ v> T . K li iHE *K Si & £ T SE ffc 

[ 0 0 3 8 ] 
[ft 2 ] 

f c = K • M c 40 
[ 0 0 3 9 ] 

fc i -9 ic , If ®J|lxn 7 h )^fjl/M 1 , F* ; EfJH12, lit ^M3, 

■a^# J t7 : '^M4, S.tKv-'J > ^ ;w M 5 W -> 5 i U - v g >^rT-*;l'£fflv : >Tlgil*|i5B.A 

Jl'MSIifiirtffTJtSEfSt L T 1g t& & i: fc *> , ltEtf*Ml - M 5 J± v 'J > 
^2 lflj:(RXS*i4«rtiRXaf«iMc **s6-f*ttF»iiRA£$t*atJS¥«*1IU£i-& 



o 

[ 0 0 4 0 ] 
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( m ^ m * o nKfimi) 

m ftiJ ffli * n y UtfJUllli, a B# * i T- co T * -tr ;u ^ ^ ;w ft ft fi A c c p iz ft o* 

*^ibfS^WT 0 tIc CO B# £lj t U ii »t * * n y h ;P ;W "7* Hfl 0 t £ fit 5e -f <& -r' 
lH?4io * H Jfi B JRK £ ^ T 14 * XD7 ^'Uri^MiUDy-^AlCT, 
A* HJ ft * > * 7 1 i:± •)tU?ilfc7?tJl"<?')l'ftftlAc c pL S7l:|U7^ 
t*"</)l'S^iAc c p i|f^D7 h^/^mj* r tOMiiSStSf-7Jl' 
ti:«o\>Tf gfi«ii gg^D h*'<*rn« r 1 ?5 S * * <b ii , ZOVUzftteBM* 
v y h A, /< fr-ftom e r 1 imteftWlT (mX-lis 6 4msec) ** It 3 M $ * 41 * s * 
»»411^oy F*/<*y||tJ r k LTftgSii*. fit, * n y Y )V /< A> -7* M =F 
M m o v y * A 1 ( « » ftlj fp It tt 8 0 ) 14 , H PS co * n -y h ;u ;u 7 Hfl ft T A # § W * n 10 
•y h ;i> /< ;u r ffl ft e r U4Hi:^ny h ;u ;]/ -r y * .x .x - * 4 3 afc*ttTlEIi 

it -f- * & ffi -t * o 

[ 0 0 4 1 ] 

§ {R * n y h ;v /< n, f ffl ft e r 14 » Si b# £ <b j*r 5e »# M T rtf it m co n# jflc iz 
It & T * -tr ;W ^ r ;i/ ft ^ fi A c c pi:$i:TftE?ntfSfi5i@g^n7 h fl, /i >v f ffl 
me r 1 t m L v> <b > a B# jft * t> 0f 5e B# W T 0 It * CO B# M t U # »t * § 85 * n y h ;u 

/U 7 BB ft 0 r Itmft&fr (T-TO) ItU^ltif S«41lxa y b * A> 

Ifl JS 0 r 1 t m L ^ o i tz, m B# jSC h n HQ ( T - T 0 ) lit U i5 It * m 5e « «r i * * n y 
b ;u /< ;u 7' M St 0 r 1 li > Xd^ h ;i.a>7'7 ?f ax - ? 4 3 aWftfilftlffltlS 
f tL l±\ x n y h ^ ;u JS « t kf Lv>„ i co J: -5 * # x. tc ft o* # , IfMHXD? 20 
hJi'tf^Mltt, a ^ ^ <b ^ ^ M T 0 tz tt O ^ M t (C J3 tt 2> * n y b )V )U 7 ffl 
me t £ 3t 5e -r Z o BP *> > lSl*J^I|ffl (T-T0) «ri;i3lt^»^^a^^l1S^n-y h 
;w /* ;u St 0 r 1 * m B# * : f> ft 5e B# M T 0 tz tt Tfe <0 B# $j t U i3 It * * n y h )V /n* 7* 
HBJ£0 t i: LTi^t^o X U y \-)\>><)V7T>7f-^z.-9 4 3 a <0 ® a H# ffl 

«rf IlciDitv Xti y h )\> tx Ar f 63 St B t itSLt t iv> 0 
[ 0 0 4 2 ] 

( n -y h ;u 7* *M 2 ) 
xo-y b ;i/ * -f* ^ M 2 • Ji , ^ n y F 3*ii3fii--i>^^;»S* ( it 5c ^. n -y b;wii 

W»IffiillKll^v>rft?)iifcTSB«t3 R If T IB St 4 C« o*v> T «5e t ^ t r*^ ^ ^ „ 30 
T IB Sfc 3 R X/ T IS & 4 U i3 v» T > C t ( 0 t ) liJROy t CI&CTjEft 

■T * » * « Sk , At ( e t ) mny f*A*yHR» t CE'tTSftta^Df h*B 

□ m m (t^f 4 lwnpiii) , PaiiXD^^A^risEi (fin*>, ^^je) , 

Pmltim^^rt^^JE^ ( IR *C * E * ) , T a Ji IR SC » ft . Tmliflf F«3 

2 » ft , R(i^i^5eS5:> S W at l± it m it ( & T > «^-Jtffii:LTtS^o ) -e*^ 0 ^ 
n-y hKf*M2li, *n-y h a';u r±SJ±^ p a i s t^f rtSME* P m i *) * I 
v»HaEO»-6-U*3Sr«fflU, ^ n -y h y±IE* P a i s f fi^ tET^ P m i 

)H»iE<o*^(CiEcoiii*. ^trf£^sft<o^^ic*<o-(i*^ft-rtt^^ «t o u ti- » $ *t & . 

[ 0 0 4 3 ]. 40 

I 9k 3 ] 

mt = Ct(0t)At(0t)Pa J-^L ./p^] 2 _ f_P!H . _L_] 2 

V 2/cRTa 7 V I K+1 J { Pa /C+1 J 



[ 0 0 4 4 ] 
[ft 4 ] 
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mt = -Ct(0t)At(et)Pm 




[ 0 0 4 5 ] 

±ES3RO f »4 i:^v>T, 0 t lif^iix n 7 h A> * r >l> M 1 i f) ffi 5e $ ti tz 31 B# 

jft j»» <b 5e B# H T 0 tz It Tfe O Bf M t U £ It £ fit 5e * n •/ M^Wl'T'fflS^iS. * n y h 

«'tf)HU2li, X o y h /< fi, 7 ffl BE e t b ffi. ft & & C t ( 0 t ) tOHfttaifeLfc 

EI 8 I- ^ -f -r - 7* ;l/ t ift IS ffi £ L X a y h ;u n, r Si S 0 t 1: iffli>t«i«[C t ( 

e t) i&tbzttiiiz, ^n^^A-*rHi« t tUPiaAt ( * t ) tcsiS: 10 
Mis. l tz m 9 7F -f f- - )i t ffi mfefc l tz x ti y h n, /< )\, -/ ^ jg 0 t t^ffl^TUHPffi 

» A t ( 0 t ) £ 4 o & & , * D "J h ;W f"* n> M 2 li , X u y Y )l> -f ffigt 0 t t 

, iiitc t ( e t ) t us □ m m a t mi owtc t ( * t ) - At ( 0 t ) t o 

IW«*»jfeLfcEll 0 1" -T - 7- * % RVffiVZMfcLtz X n v Y A> /< * 7* Hfl £ 0 t * Jfl 
v>T«<ICt (0t) -At (0t) £ -B# U * A 2> «fc ? L X i> i.v* 0 

[ 0 0 4 6 ] 

$ tz, xn» F*tf jpM2U»'*dv h*;<*r±*E3tlPa, aVRHIST at* 
ft EE -t > * 6 3 , R « ft ?S -fc > -9-6 2 *»fe*ft-rirJRf» 1" 4 tUi:, ^ W l*I ^ ^ E 
*Pmt*Jtfrt$SlISTm!: £ f£ i& 1" & PR ft t= ^E- t-' A-M 3 jJ» h JR # L , iiUbOtt* 
ffl v> r ± IB fk 3 X li & 4 * ft * L , ill t UiJIt^xn 7 b^H^MSim t *i5lt 20 

o 

[ 0 0 4 7 ] 

± IE X a -y FJ^f^M2 ^E^Ltt3 R[;t4 (7)*HJj§Si:o^tgi^t^ 
o V> £ , ^D? h*/<*r4 30±a0B0ll»S:Au, $Sftt/>u, £ ft 0> 8fc JJ[ 
£vutL> xn? h*/<*r4 3Ui4R»f 4 1 ORnilflKiA d, f IT?<0^fC 

mm* P d . xn 7 h*/ur4 3 taatiSftoaai; v d tt* t, * n ? h * » 

11 £ ft »£ * m t li , TEft5f*Sft.4. t 5 IJ f tiff 1 * E2 L * t f x 4 0 
[ 0 0 4 8 ] 

[15] 

mt=Ad- / £>d-vd=Au-/>u-vu 30 
[ 0 0 4 9 ] 

— -ft , Iftx^jif-ii, £ ^ ogfimitU, x n y h;l/-'<;U7*4 3 W HUm • 
v u 2 / 2-Cifcr>> X n ^ |> * /< A, 7 4 3 4rilift1-&»»r-em • v d 2 / 2 T: h a 
, Ix^K-li, X o y HI'M>r4 3 <75 Jh s£ T* m • C p • T u T* & ») , X n y h >V -K 
«'7'4 3 S:IIf4«fllf7m • Cp • T d T* * £ <, & o T . ^ ;U i!| IC i ») , T 

12 $C 6 tJ s # <b tt £ o * i5 T u li X D b ;U /< ;w 7* ± »E O ^ ft M. St > T d li X n y h )V 
^7*TgK<7)^ft?£S, Cpli^J±Jt^T*4 0 

[ 0 0 5 0 ] 

[me] 

m-vu 2 /2+m-Cp-Tu=m-vd 2 /2+m-C.p-Td 40 
[ 0 0 5 1 ] 

tt|JISiiTE»7, Jfc»Jfc*liTE»8, v-f t-OH«liTE»9TS 
$^4^^,, t7 - i9 i *) C p ■ TttTERl OOi^USSfti. P(ift#o 

/olift^O^-JS, TliftttOiSJg, Rlift#5Sm^ C v li^Sitfi-C* 4 , 
[ 0 0 5 2 ] 
[& 7 ] 

P = ,o • R • T 
[ 0 0 5 3 ] 
[it 8 ] 

*=Cp/Cv 50 
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K ~ 1 ) I • ( P / p ) 



K / { K - \ ) \ • (Pu/ J ou)=vd 2 /2 + !«/(*-!) 



So*<±iSSl 1 liTSStl 2 J:Sife£t)it4 0 



( P u / p u ) = v d 2 / 2 + | * / ( * - 1 ) 



[ 0 0 5 4 ] 
[8 9 ] 

C p = C v + R 

[ 0 0 5 5 ] 
[810] 

C p • T = | « / ( 

[ 0 0 5 6 ] 

± E 8 1 0 <0 m % * 

h ft & o 

[ 0 0 5 7 ] 
[811] 

v u 2 / 2 + 

( P d / P d ) 

[ 0 0 5 8 ] 
fit, ^. n y h ;w 
x^*^-§# BU iz 

[ 0 0 5 9 ] 

[812] 

U / ( K - 1 ) I 

) 

[ 0 0 6 0 ] 

*UiD*»4ff*t P 

israoT^ffis^p 

[ 0 0 6 1.] 
18 13] 

p d • v d 2 
d - A u ) 

[ 0 0 6 2 ] 

± E 8 1 3 T 

t ± E 8 1 3 t <b 

^ ft & o 

[ 0 0 6 3 ] 
[814] 

Pme a n = P u 

[ 0 0 6 4 ] 
[815] 

p d • v d 2 = P u 

[ 0 0 6 5 ] 

MoT, ± E 8 5 . ± E 8 1 2, S. l>* ± E 8 1 5 a» h , T E 8 1 6 <b ft * 

[ 0 0 6 6 ] 
[816] 



( P d / P d 



TE«t4. BrSi»AuO«5}-mi]:b*flE#*Pu, ilfAd^at 
meanitii, TEft 1 3 ^ff^Jli, 



Ad — /> u • v u 2 - Au = Pu-Au — Pd-Ad + Pmean- (A 



A u 



= oo, vu = 0 TBR1 4i«»«)ii4«)t, W ft 1 4 

T E 8 1 5 ct> jl » * K M -t & M & BO K *-^<H« ). **» 



- P d 



[ 0 0 6 7 ] 

±E» 1 6 CUv>T, P u X n h Jl'/^l'T'iilE^I P a "C* I) , Pdfii&^grt^^ 
Pmf^&^lb, li«St*C t ( 0 t) HAL v SP»I»AdiHPi»At 
( 0 t) i:&#&j3L-Cgg-t£i, -tE83 75 s #<bft* 0 i!2&4 ^iasit li> _t E 



10 



20 



30 



40 



50 



JP 2004-116459 A 2004.4.15 



£ 3 <D $ ffi j|8 t IB] 4$ T * * <D X' * B& + 4 o 
I 0 0 6 8 J 
< "ft $t * * f * M 3 ) 

1 S f ^ f ' * M 3 , » fi & IU i: i * - « # gij t U * ft ft £ v» T IE St 1 7S 
tFTEftl 8, ^oy h»ai 2g ^ Sfm t , * n y h ;l/ a jfi £ & ?£ ft ( BP *> > 

q&A£^SJg) Ta, til i" m c (IP*>, 4t£iR*t#iBiBg*t 

*Hf)K'U. & £ % T IS £ 1 7 , a^TEftl 8 Uisv^t, Vmli^nv 

74 3;J'P.ft#3 2 if^ttf 4 1 (JIT, MHz t Of 1" * o ) O # f» 

T * * o 10 

[ 0 0 6 9 ] 

[£ 1 7 ] 

d(Pm/Tm)/dt=(R/Vm) • (mt-mc) 
[ 0 0 7 0 1 
[£ 1 8 ] 

d Pm/d t = « • (R/Vm) • (mt-Ta-mc-Tm) 
[ 0 0 7 1 ]. 

'tSCf t7*M3li, ± SB £ 1 7 > & _h IB £ 1 8 iz is »t & * n y h )l> « ifi £ jR it * m t 
* x n • sr K* ; ef)l'M2i't)MU iflfA^^Sfmc 5:i2t5iS^t ; Efil'M4 
*ibJR»t4, f Lt,-ftl 7 S V s £ 1 8t;io'<tt-#*ftotHi t ^)f^f fi^^E 20 

[ 0 0 7 2 ] 

i - -& , ±|B?RfC® ; eT*^M3Sr|EiEL^£l 7 £. ^ £ i 8 0*Hia8»:ov>TR9J t 4 

itiirtRXS^aimco^-e**^?), g * « # f?y k * < t ib £ 1 9 a* » <=» ft * 

o 

[ 0 0 7 3 ] 
[£ 1 9 ] 

dM/dt=mt-mc 30 
[ 0 0 7 4 ] 

ttz, ft £ H 8 t± T IB £ 2 0 t ta Z> j5> <b , _h IB £ 1 9 tTKt2 0 t^ib^^^lMS 
SitKtcn, S a ft # m iz £ < ± IB £ 1 7 ft * » 

[ 0 0 7 5 ] 

[£20] 

Pm-Vm=M-R-Tm 
[ 0 0 7 6 ] 

SVmlitlttf , £ , x * A> - <d % f * ? S. ft ± # k # # z (a»x^)^-li| 
& L # * ) t # * <b ft £ <, MoT, ■R$ClTffl«>ffi$t0.x**4 r ^M . Cv • T m <7> B# F.5 Ift 40 
^Ht 4 f± , |5]5l^:l : SCU»£A-f^^^;<75^t.^+*-Cp • m t <Tat:BJift5K;tf»J5»&at 
m-tZ&^.VJ-^frif-Cp ■ m c • TmiOgl:f Lv><?)f, T f B £ 2 1 rt* ft h ft 4 0 

[ 0 0 7 7 ] 

[£21] 

d (M-Cv-Tm) / d t = C p - mt • T a - C p • m c • T m 
[ 0 0 7 8 ] 

-<7>£2 1& ,_tfE£8 («=Cp/Cv) t , ± IB £ 2 0 (Pm-Vm=M-R-Tm 
) !:^)iv>t|»tKti:J:i), ±IB£l8^ f #<bft-6 0 
[ 0 0 7 9 ] 

(l^ftf *M 4 ) 50 
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©^:#^T-'^M4(i, ir at # 3 2 o h h * «"« a £ « at « (ep*>, 

« S 7J S * ^ I- * v» T » <b it tz T 15 ft 2 2 R «f T IB » 2 3 i: Lfc4«o-C«i6ti tf * 
ft 2 2 , 2 3<75^taiiifll±> ±E^n-; h f *M 2 0»^t 4. ft 

2 2 51/^2 3 Ci3V>T, Cv (L) liiR«#3 2 O ') 7 M LUId t T S ft t 4 
ft , Av (L) lil^U 7 ML i:£i:ttftt4tH#3 2 WiiCitJiliBPOffi 
m , RJ/P c l±(tl*3E* (v»;>^2 1rtOE*Pc) f ^#€f iVM4 l±, qfc 

fctfrtffiSCEflPmJ&'ttrtEESP c X <0 ± $ \<>mffi.<DW,&iZ%t 2 2 JftfflU "R * 1*3 £ 
*£E» P mJi'tBfrtE* P c J:-0 /h$ v»»»0»^UjR 2 3 S:ffiffli-&o - «> S * > tt 1*1 "R 
A^^jjfE* (jt5£"ftiK#aa3$C8t*) mt(±, fr 12 MR Sit <T> ® p iZ IE <D «[ * , -TW IS & sfE O 10 

» k n <r> m '* * ti -r ti m %> t u tt- * $ n a . 

[ 0 0 8 0 ] 

[tic 2 2 ] 

mc = CvCUAvCUPm^/^lI ,/f_^_) 2 - fH _ _I_] 2 

V 2/cRTm V V 7 I Pm K + i J 

[ 0 0 8.1 ] 
[12 3] 

mc = -Cv(L)Av(L)Pc J^l_ JpL) 2 - { . _LJ F 

/ V 2/cRTc ^1 K+1 J I Pc K+1 ) 

[ 0 0 8 2 ] 

IM# : e7'Ji'M4 t± , 31 n & h m 5e n N T 0 fi it 5fc O B# £] t & tt * ^ * 7 'J 7 h 4 L 
( t ) ^llf 1 )? ^f*>t6 7#tlliLtv>JSI,^^^7- | J7 ULi, i > v 

>0gSSNe ki:i^v>fift4. -fit, A^yj 7 ML tfltfiC v (L) - A 

v ( L) b <T> m % £ M 5e L II 1 1 K ^ L r- - 7 )V t , m IE it 5e t fc * "7* «; 7 h fi L 
(t) ii:*^v>T, ±E»2 2SO t ±E»2 3i:Tttfflt4»ttC v ( L) • A v (L 

) J**4„ 30 
[ 0 0 8 3 ] 

t tz „ IS# : tf*M4li 1 (R&irrt£aE:&PmfciR*Ctfrt3$CiaBETmi:«:ift$t*-* 

t-*;wm3 * *> jr » -r a fc 1 *> u , tt i*j je # p c it rtsaasT c *aat4->'j > ^ 

f ^M5^5)]R#L, £*Li9«>geft*fflv»T±IBft2 2 X l± ± IE ft 2 3*tt-*-*-*Clfc-C 
[ 0 0 8 4 ] 

( v u > >isM 5) 

v ') V ^ t* A'M 5 (i , v 'J > ^ 2 1 U O V> T <T> * )V *r - i£ SU K » O* V> £ T IE ft 2 4 
i:Lfci { oT, fiiWE* P c ttrt^^SST c J-*fe4*f ^t*4„ B12KSLfc 
J: 9 K , T IE ft 2 4 C It 4 V c li •> 'J > f 2 K0|«, T m li v 'J > ^ 2 1 CRASii 40 
4^^WiSST i Lv>f flg^SS, mc liv'J >^2 1 ft ( tt 1*3 ) K % A $ it 

Z> ^ ^. »SE * m i i:«5Uv»T»|EiR$t*»*»'bStm-*-*a»*CSlE*, Q(±v'J>^2 1 tlsivU 

> y 2 i n « (v'j^is> "a $c# - nn ton-cea$*v*»* (itw^itei 

[ 0 0 8 5 ] 
[124] 

dPc _ K RTm m /CPc dVc . / ^ ^ Q 



[ 0 0 8 6 ] 
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± IE St 2 4 IC & It & R# #J t OMrtflfcA^^Uftfimc (iift$t#*T'^M4 ( ± IB St 2 2Xli 
± IE Sc 2 3 ) UHUiu HB*»Jt©iR*tfrt3«ffl*Tm(i«^tf*T'>i'M3UJ: 
•9 -5- x. e> ft & „ ^Fi t <0y 7 >/§»V c lii- 7 >^ftSi:£cfi»tft4; 

£*o-c. ±iei!t2 4^^ia^3« ( & a o 11 ) «r m n -t n a > s s& ± , ± ie sc 2 4 £ e 
<<» x n m t u*jtt4f«rtffiSP c *&zztj>*X'£2>o 
[ 0 0 8 7 j 

iU J: »} T IE ft 2 5HIKH'tlJ 0 
[ 0 0 8 8 ] 
[ Sc 2 5 ] 

d E/d t=mc • h-dW/d t+Q 
[ 0 0 8 9 ] 

^ * , rt^^*^**-£ui1-fUfT|ESc2 6«3:L, « ffi * fl ^ l± T IE Sfe 2 7 «0 ii 
t?**. i£> Jfc«l*fc*055:-e**JtIE»8 (*=Cp/Cv) £> vf-V-OHf!*-? 
£> * ± IE Sc 9 (Cp=Cv + R) t , TIEt 2 8 SO'TlBt 2 9 i s «2t So 
McySrv';>^2 1 rt i t * o 

[ 0 0 9 0 ] 

[Sic 2 6 ] 
u = C v • T c 

[ 0 0 9 1 ] 

[&27] 
Mcy-Tc=Pc-Vc/R 

[ 0 0 9 2 ] 

[St 2 8 ] 

C v = R / ( k - 1 ) 
[ 0 0 9 3 ] 
[Sc 2 9 ] 

Cp = « • R / ( * - 1 ) 
[ 0 0 9 4 ] 

SoT, Sc2 6 ~- Sc 2 8 * h Sc 2 5<D;£i2dE/d t o v> T , T IE Sc 3 0#Sit4. 
[ 0 0 9 5 ] 
[»3,0] 

d E / d t = d (Mcy-u)/dt=d(Mcy-Cv-Tc)/dt = d |P c • V 
c/(*-l)|/dt 
[ 0 0 9 6 ] 

Hc2 50Sl|l9mc • h(:ov>t> T IE St 3 1 > }- ^ 1^ - O t ±ES 

2 9 ^ >b , TIE3 2 IPWLSL-i- h o 

[ 0 0 9 7 ] 

[St 3 1 ] 
h = C p • T m 

[ 0 0 9 8 ] 

[Sc 3 2 ] 

m c • h = m c • | * • R / ( k - 1 ) t • T m 
[ 0 0 9 9 ] 

3E U / ft * W tt T E » 3 3 T- S £ ft * ri> <b , ± IE Sc 2 5 WtaS2adW/d t t- o v> T 

t is Sc 3 4 a* jr jt -r a o 

[0100] 
[Sc 3 3 ] 

d W = P c • dVc 
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[0101] 
It34] 

dW/d t=Pc • dVc/d t 
[0102] 

& 3 0 , & 3 2 , 5l>'t3 4-CSt2 5 «r t I I L t Sit S t ±|SSt 2 4 AMH iU . 
[0103] 

ttz, y'J >?tf*M5li, «l*3£&»ft«Tc*#SRarS^-e**TK»3 5ULfc5&« 
o T * # & 0 & 3 5<OMc 1 l± , 85:2 2 X 14 & 2 3 <?)«fi»A^ ^slt m c £ R£ ^ # 3 2 

* f iB#LT^e)ttrtffi«aaET c * # * * a * •? b# w * # u t # *•* o 

[0104] 10 
11(3 5] 

Tc = (Pc - Vc) / .(M c 1 • R ) 
[0105] 

± IB JK 3 U J: *t If , ->'J'/^tf>M5 0l§et2 4, RO r ±E»3 5UJ:«)«F , 3ffi*P 

c , aafttrtsstaKTc^-tfL-rfL.**?)*!, iftti:i^v>Tft2 2x1**2 3i:j: 

*mc £ q& ^ *f 2 3 H # L B# M t 0J&»fc|B|ift£l#3 2 t5 ? Bfl ^ ^» t f *T*B#K» 

fr-f 2> Z t {z £ *) -®.%.ftm.lZT i< ') > V 2 1 t:(R A ? iia f rt'"ftXffi«lM c ( "ft A . 
^^i^iSmc) £}I5eL, :oiMci'±Bft2ifc»^v>T*»*ltIf ct*«t 
-5 o 20 
[0.1 06] 

±ie» 2 4 m 3 3i oatfcai q t± , <i*ti:t#Tii<!)t, a* a ± 

15 & 2 4 £ T 15 $C 3 60J: i ClltftLTt»«HiP818 Oi:IgtJ. £ ^ T" , A t l± 

[0107] 
[»36] 



^ tfc «t ? rattrtffi*Pci±«tfe<i:<oj»»S:«»fc**<-agttL. Ilt^i 
otliKi#fls?U;. fit, * * Jfc S U i* v» r 14 , t 2 4 3 fwf Q 

tiHtikMi:, ffiH± > (1) y'J > Ir -5l t f 5e t ( d V c = 0 

) > R Of (2) «rtiRA£*C«E*J& t 0'C$>* (mc = 0) t <R5e Ltz®&iZfrtf, *ti* 

■f a o 

[0109] 40 

(1) ->«J (dVc = 0) 

i <T> iK £ T -P «4 , ±ieSc2 4(4Tiel5c3 7coS^^@^:i:^i9. |5Ji&;3 7£fl?<<!:Tf5£&: 

[01 10] 
im. 3 7 ] 

dPc _ ZCRTm _ 

~dT \7T~ mc 

[0111] 

[ St 3 8 ] 50 




30 
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Pc(t) = 



_ /CP, 



m 



+ cos (00--^ 



4 



K 



RTm 



2U+1) 



Av *J PmPrr\ t) 



[0112] 

± ifi Ife 3 8 C*JV>T, 0 0 = c o s~ 1 (1) -C&*o ^ co & 3 8^<b, ISrtEA P c IJ 
JE&WLtkizmift & Z t &m Z o -tSo ± IE & 3 7<7)Eu 1 e rfiffilli, T f £ $St 3 9 t % 

o 

[01 13] 
[& 3 9 ] 

P'c(t+At) = p c (t)+ mc * RTm At 

Vc 

[0114] 

i tz , ttrtESP ci*isxf rt$»E* Pmi o^s <4i:iii4i.^?., Tiet4 o 

* J Sit4. 6£ o "C , I!c3 9 it4 0 i ^^71^4 1 ft 2: i" * o 
[0115] 
[140] 

Pc(t+At)*Pm 



10 



20 



[01 16] 
[& 4 1 ] 

/C RTmlTtc 



Vc 



At £Pm-Pc(t) 



I 0 1 

51 iz , 
gfc 4 1 
14 3 
[ 0 1 
[Sfc 4 



17] 

« #1 i:if<Tt*T/h?V' ( 5 < < 1 ) § „ TE*4 2« t )S4t4i J ?>, ±12 
tTES4 2*±Bfk3 9KI1LTTES4 Std*:^?!*, & 33 , TIE 
Uj3»t4ttrt"ftA£»aE*m c (i _h IS gfe 2 2 , #. 0* -t IS & 2 3 Ci <9 # a6 * 0 

1 8 ] 

2 ] 

sin(0)*e 



30 



[ 0 1 
[» 4 



1 9 ] 
3 ] 



P'c( t + A t) = P c ( t ) + ( Pm - Pc(t)) sin 



mc /C RTm 



Vc ( Pm - Pc (0 ) 



At 



40 



[01 20] 

(2) WrtiRAffi&J^fcv* ( m c = 0 ) 
- <J[ 5e T "C l± , ± IB 2 4 l± T S5 & 4 4 
5lt ttSx.4^f,TESt4 5 *» * i- « 
[0121] 
4 4 ] 



* , i o * , 



dPc 
dt 



_ KPc 



dVc 
Vc dt 



50 
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[0122] 
[ft 4 5 ] 

PcVc* — constant 



[ 0 1 

I 0 1 
[14 



2 3 J 

h , T IE ft 4 
2 4 ] 
6 ] 



6 * it * 



Pc(t+ At)= P'c(t ) 



Vc(t) 



Vc(t+ At) 



10 



[0125] 

1IES4 3, £ Ji IE ft 4 6 \Z i. *)■$.#> btlZ® ft &. J] P c £ , 11 3 tC j3 v> T *L -T il 

E»4 3UJ:.»)»^>n*«'rtEAP' c (t) tt»«C*6i(tfiEJPciLTSII 
t4. 
[0126] 

* , -ifi^ffSTWgirtf A^^tMc li, ft2 2XI±ft2 3^#;i'b;h.*j«!l*|iRA£ 

»:»£Smc^is!t^:#2.3 75 ? M#t^B#sijt o & b 3 2 &m$--t 2>f%m t f tru 

W m ft -t Z> £ t U <t <5 * tf> e> ft * t a 7t * s „ v 5 a - v a > O «i * , ii)K-«S 
glj u ft o* < ± |E St 2 4 * R# M t o ^ <b B# M t f i tHWt»LTSiLtTieS4 7 \Z X 

*) * tz -fi itm m. a* « < * * £ t w m w t ^ „ * & , p c (to) , a. & v c (to) t± 



, f n?Jlf»#||#i|«firtlEJP c ( t ) , JWJ>yg«Vc 
c (tf) , a V c (tf) l± , * *t ft ift H # W «f rt E ;& P 

, ;>^#»vc(t)'c*^ 0 

[0127] 
[ tiC 4 7 ] 



( t ) r * •) , p 

c ( t ) » S. If > 



Mc = 



K 



(Pc(tf)Vc(tf) - Pc(to)Vc(t.) ) 



K 



fpc^ldt 
; to dt 



RTi 



20 



30 



m 



[0128] 

Ltztf-oX, * Jt It 3$ ft (i * »47*«ftffcLfcTK»48K*^v»Tttl*3iRA£*t*M 
c £ *i> & o 

[0129] 

[ft 4 8 ] 

tf 



Mc = 



-1- (Pc(tf)Vc(tf) - Pc(to)Vc(to) ) + I Pc(t) At 



RTi 



40 



m 



[0130] 

(* ^Hf- MOilJD) 

ft * T - /< O B S -e ab <& o 



50 
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[0131] 

;©*rf-/<OB Sli, ±Ex77D->-?6 1 iRAaaCiitt*Sii£¥afcLTtt 

M6(±, XO y hJUiiiBSflSE* ( H HR A £ ^ fi ) /4 J Rlf^<7?Sa-e*-2»*^tC. i77 
D - * - 9 6 l^ta*i-4T'^^o^iS-ffi5tL, COt^lCio'^T^Q'; h a i§ £ 
^»iEfi (t^f A^Mlf ) m t e s *lict 4 tf* r * 4 „ -I O ij§ , ± K i?r 5e <£> S 

<* li x * D y h )V * r )\> M 2 ri f * £ L 7t 5S B# jft frb ft 5£ B# H T 0 t* »t 3fc <D B# t IC £ It £ 

(*5e) xn? uaas^jtimti, tr£l$mR*UJ:'JlWK»fS6l$nT0rt*»ta8i 
S-e:fcxnyh^iijaS«St*-Cab4aii#AKiJ»t-6 ( * 56 ) *n-yb;ua$£fC»£fim 

t (t-TO) tiS, 10 

[0132] 

M6li, 5tf, as#6|:i3ttsxn 7 h )Hfi^^at m t (t-TO) tc *t 1" * 5£ £ ft 

& S W 1 , |sl 9t £ ft S W 1 , W2UD^^H$^limttOffiI^f 

ft -r ft a 5g l ^ si 1 4 i:^uf-y*t, m te # * e, ft t a u# jS t <f> * u y h ^ a & m 

Sillrat (t-TO) fcKafc^v»T#** 0 ^^StSLfWl , &lK££tt»t*W2li, 

0 4 Lfc»*tfl»6 1 a \£ >U 6 1 a 1, S.0 ? |B]&i&tfSgB6 1 a <7) ** - b 
«f6 1 a 2 »:fii-PftitCLtt»Hii^ti«^Stit-e*4, 

[0133] 

>k U , i77D->-nf)H16li 1 ** fcf > 8P 6 l a 1 , $. 0* - h 8S 6 1 a 2 i:f 20 

ft ft # & -r'a •& & * * »> , i^ftatwi, w 2 \z n u r * ft -r ft - * m ft 0 # ft £ 

tt4 ( fi5 «r a ft «r -S- tr ) ft * ( IS 1? ft «t * ) w 1 , w 2 * T IE » 4 9 R 0* T B & 5 0 
icLft^ot^ftio 85c 4 9 , ft5 0 i:filt4iSx.? ( k ) (4 4- HI <o {ft # lit , m k. ^ ( k 
-1) J±tfrlaI«>i**ft*£L, AtliiffiliIO»J|^*#*Tj&»fc4-H<3»#ft«:#*4i 

[0134] 
[85c 4 9 ] 

w 1 ( k ) = A t • (Wl (k)-wl (k-l))/rl+wl (k-1) 
[0135] 

[ » 5 0 ] 30 

w2 (k) = A t • ( W 2 (k) - w 2 (k-l))/r2+w2 ( k - 1 ) 
[0136] 

± 12 85: 4 9 , Wi 5 0 IZ j3 v> T , r 1 , X V r 2 li , ** fcf > SS 6 1 a 1 , ROff*- HJS6 

1 a 2U*ft-Fft#Jfc-fA±E — *3ft#tt<OI$5£»-eai)x T 1 2 $C 5 1 S. V T K & 5 2 
CiU^ft^fti. »5 1, t52t«Ikl 0, k 2 0, Slflml, m 2 Cli, US 
&} IZ * h ft IT * & o * , 85:5 1, & 5 2tOtulix77D-^-?6 1<0it 

n- * as 6 i au/w/N-^^ft^^-ffiisfBa^/w^oaia^^a-e*!), 1 5 i: ^ l ^: x 7 

70-^ - * 6 1 CDiB*«JEV g fc£«Sftfc!ftA£aC**m t A FMfcOHft t«tt 
5Vg-mt AFMJUf-r^i, x77Q->-H 1 ^H^WttiJ IE V g M:* 
^v>T*ft tiitlRAS*«im t A F M £ , TtU5&3&ft-*aS6 1 a CD / W ^ * s£ fi§ »r ® 40 
f S tKltt (mtAFM/S) T* 3> & <, 

[0137] 

[85; 5 1 ] 

r 1 = k 1 0 • u m 1 
[0138] 
[& 5 2 ] 

r2 = k20-u m2 
[0139] 

fit, i77D->-?tf*M6li, Id & ft & fi w 1 , w 2 O fO ( w 1 + w 2 ) i: x: 
T"7n-*-*6 l-t>*mj3-?Z-C*>?>7miZ£:-3<Atiy h )Hj|$^lim t e s t <T> 50 
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MfffrasLfciai 5 u * l tz 7- - T >\> t , ± k ft 4 9 - 

Itvl, w 2 <0 fll ( w 1 + w 2 ) i: U * o* v> T > ?ft B# .6 
i-4T^>^>oMU*o*<^.n y MUilig^^sftfimt e s 
n y Y /< * r m & T A ri 1 - 5e i: fc*£Hf«<EJRJBU-** 
s£ fi m t e s 14 , * n y h * * r A- M 2 ri* it 5e t 51 B# A 

t U J3 t+ * (Jt5c)*n-yMuai§£$t»fLfimt ( 8. tt\ 
Slllm t (t-TO)) kn— fc«r* 0 . 

[0140] 

wr>\ I6^#itsi, trf-^oBsit:o^n? 

tfl*iJt«5*COM«)-li:X»tJ. — * , * r -f 
.6 lWtH^Vg^I5CfLfcf-rJH:J: •) Sfif,*tO 
) m t AFMClfeU HIRXaSCilim fAFMtSt 
A# 1" -5 o 
[0141] 

f LT, */f-/<OB Slilt«S*COMi:fiv>T^D 
tA^^If m t AFMtWfifS A^f*. d <7) fig £ S 

Tdif^IS umS Ai^^it t u:, -dnw^-iis 
ft <?> - ?e <I ) £ * ft L fc It , Itn^fiif umSA 
ffi ) 4- * ft L .fc ffi 5- , tt -T ft > X0 7 h^ff )H12!i ! 
Mm t , & «fc * # * f ;U M 4 £ 1- * « ft H£ A £ $C if 

•y ? 1" * ) o EP*>, # H *& U .8! U*J»t&ttrtiRA£*C*« 
SE fi m t 4, ± IB ft 3 X J4 ± IB ft 4 O ft =b *) U T IB ft 5 3 

[0142] 
[ft 5 3 ] 



ft 5 2 CI iJJfctffcflfcl&Sft 
tx77n-y-? 6 1 rfih?) 
«r$*^o & £ , 1*3 « M d* * 

75- ^ »f 5e b# m t 0 tz it & o b# m 

* iz & tt & x u -j y )\, it m 



h ^ISSMffiim t e s * S 
-A-0BSIii77U-^-^ 
■R ASSISE* (H® AS^if ;■: 
ft^ttKgf COMfOffiSi: 



y hrt'jliiS^SiEfimt e s t 
AtS^Sf i:i M » L 
umS Ai:SfS«yr/ G 1 ( 
K Bf 5c O r -f > G 2 ( ft O — 5g 
it 5e i- & Z-B.y h ^ ii j§ ffi *t % 
fi m c SQ ft "t -5) ( 7 -f - K 

5e ^ « i4 , ^ n y f *aa$* 

X 14 T IE ft 5 4 IZ m ^ T it 5e i" 



mt = Ct( 0 t)At( 0 t)Pa 



/C + 1 
2/cRTa 



+G1 -SumSA 



I 0 1 

[ft 5 



4 3 
4 ] 



mt = -Ct(0t)At(0t)Pm, 



/C+1 
2/cRTm 



1 v 



Pm 



+G1 - SumSA 



[0144] 

t tc , #tti*3iRAa?*c*iije§siui* «i*i®ASM;Smc£ 

30ft^i)UTfaft5 5 3U4 T IB ft 5 6 i:iv>ttStS 0 
[0145] 
[ft 5 5 ] 

mc = Cv(L)Av(L)Pm 



±15 ft 2 2 Xli JifSft 2 



/C+1 
2/cRTm 



a {-^~ } ~ f— — ) 2 +G2-SumSA 

V V /C+1 7 iPm /c+1 J 



[0146] 
[ft 5 6 ] 

mc = -Cv(L)Av(L)Pc 



/C + 1 
2/cRTc 



K \* fPm 1 W 

+G2- SumSA 

/C+1 j VPc /C+1 J 



[0147] 
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Z(D «fc n iZ L T , ± f£ {B g S A (±E«lf&IS umS A) 7>* I" 0 J iZ ft h ( /J> ? < ft 
& ) i n t; , S A Civ» t x n 7 h J^'fiUM 2 C J: 1 IS ? ^ t ^ d h Ji'IS 

£ fv sf£ ft m t , 5 0 ! M#tf)l'M4 (C<t OS^^ix^fei^iSiAS^ijltamcTJ^^-Pix 
tt « fit iE $ tt , -O^*, m$<r>1$[*l®.X&%R b ±$Z*r KM 1 -M 5 iz £ *) ft h H Z> 
ttrtiftA2**McO£#WftKttj&«fc*Sft* 0 

[0148] 

(It R O ^ tt ) 

& iz , tSI§8t8 O^firtKA^^tMc ^igtSttU:, M « #* ft f c £ & 
ro 1 4 9] 10 

( x d -j v )v /< )v 7 m ffl ) 

m$CftlJ®^fi8 0OCPU8 1 l±, HI 6 C7D-tt - H:i l)?Lfcxn 7 h ^ /< ;w 
r BH K « » 1" i A W * - 7 > * ^ JE B# IB (1msec) oeafcUHfrl-a-toUfc 

0 T ii> 5 o o T , BlrSW^'f 5 CPU8 ll^f 6 0 Oii^Ii 
£ US #i L > X -r y 7* 1 6 0 5 lz&A,-?T p * n,*? frfltftXA c c p <^ & 0 & v» t? , 
CPU8 1 li^f 6 1 0 U it , . |s| X t=- y 7" 1 6 1 0 iHtf-^A'S-ffi 
v»4 i t JC J: •) ' _L IBM* ^ & A/ /5 T * -k ;v ^ -^/HH** A c c p U £ o* < 5e W ft B H X n 

[0150] 

>fc IC , CPU8 1 X -r y 7 1 6 1 5UitA,Tg?$fcI£ r 6 4 J IC IS 5c L ^ 3* < X -r y 7* 20 

1 6 2 0 ICTBtll* r ( I ) IZ 0 r ( I - 1 ) <T> tt £ t&lfl 1" * « 3i R# Ji , ^ & I li 
r64j-?*4*»«»,E«ll«r (64) K K * * r (63) OttJ^fcttSftio^v* 

•C , CPU81liX7 i y7 r 162 5 Sftli* TU £: ^ U < ft o S * 5c 

tS. i O » # , & ft I O tt »* T6 4J T * & *» lb , C P U 8 1 in f 7 7 1 6 2 5 i: T 
TNoJ ifltLt^f 7 7*1 6 3 0 3X7 97*1 6 3 OCTS&IOti I" 1 

J It M 4> L , f Wt±SXf y 7" 1 6 2 0 CMS. £ <n & * , X t- y 7* 1 6 2 0 t5* #g ff 
2ti & !M tt 6 r (63) U IB « tt d r (62) <0 tt * s *?J £ ti & 0 i <7> <fc ? ft & 3g 

it, m & i o tt & r i j fcft&i-ci&'oigLUffsti&o 

[0151] 

fOlv X 7 y 7* 1 6 3 0 <7> >& Ig. <0 £ tUT^Sft I O tt I" 1 J UJi, CPU8 30 

1 li X f ? 7* 1 6 2 5 l;T r Y e s J i flic L T X f 7" 1 6 3 5 UI*, |i| X -r 9 7* 1 

6 3.5 Ctltiext 77*1 6 1 0 iZ X * J6 fz 3i B# j£ U H It * "ff 5c &) ft S & X n y Y )U ^ ;l> 

7* PB g£ 0 r 1 & IS ft tt * r (0) U * „ Jtt ± U «fc *) , Sl^^CpIms e cHU (0 

ms e c^Ims e c ^ 6 4ms e c, I (i SE & ) OSSWftSIXD? h ;V /< * 7 P8 J£ 

0 r (I) (1 = 64, 63, 62, 2, 1, 0) ^ R A M 8 3 1*1 C EH $ tL 4 

1 t iz ft & o 

[0152] 

CPU8 lliXf 77*1 64 OKilA, RXf y7"l 6 4 OCTgfl* r (64 

) **»«fcB*xny h JVA'^riS /? r t LTSSL, ^<X7-y7-l 64 5 1CT^ 

l<0XO7 h ;w M ;l/ -7* (13 g£ t) j § H X D y Y )V )l> 7 m J£ 6 r i:fL<^SJ;-)(:, X o y 40 

Y )U )U 7 T ? 3. 3- - V 4 3 a^C*•^•LIEttffi-f•^^^ii^lL^ -?"Of^X-ry7'l 6 9 5 C T 
^ ;w - f- > i - ~f % • 

[0153] 

WPtK:fcv>-Ck, ±S*-f 1 ms e c <^glSi:i!f ? il4o CCO^*. #| 

^ O X n y Y )V )\> 7 m JK > 'Wf 5c Bf H T ( = 6 4ms e c ) f O 7 7 t )U ^ ^ ^Sf^ t 

Ac c pi:So'<glXD7 r L<44i7i:Sli?^5o d^tc 

<t •) , ± 12 I ?■ SI i x n 7 F ;Kf ;H1 1 li, 31 B# j£ ri» <b |fl ( T - T 0 ) iWlS^o 

y b ^ /< ;u 7* H Bt 0 ( T - T 0 ) «• , M * 5c W M T 0 tz »t 5fe <0 I^f M t U i3 It -5 X 
D y h >l/ ;p 7- PS gf ^ t t L X a 5c "f * o 

[0154] 50 
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PU8 1 (i , HI 7 R I ill: ^ < @ 1 8i:7n-tt-H:J:i)fLfc*-f>S:»f5g 
B#M (8msec) «ia«i:J|fTt 4 i i i: 4 o T let, SfgWH ; 

ft * £ , CPUS lii^f 7 oo*^ftlt|*6L, xtWi 7 o 5^:a^T^ 

A «S *l flt * < £ * A £ » SE * ) mtAFM^*«i)^ 0 
[0155] 

& U , CPU8 lli^.f 7 1 Oca*, I 1 4 i:^ Lfcf - t R - t 

, HIT Q &H O * * - > H *t B# U J3V»T 7£ & 1" 4 X -r y 7* 1 8 1 0 C 1 1U <b ilt ^ 
i^n? F*lj|ffiJ(J|imt (k) t*B»SI»BT0«ltIi8*4Cki: i 10 
*L*^B#£UiStt<&*nyb;i/jii§£^»£Smt (k-TO) 'i ^ ffl v^T^ttgif W 1 
(k) , W2 (k) * * tl*fi\*-$.ib Z, o ft & , * )V - f- > IC J3 v» T , i£ x ^ (k) fa 
Sftfc«[li4-|ll*^-f->«:ltfTLfclRt;*ie)4fl[SrftL. tlx.? (k-1) *« # $ *L 

[0156] 

^ v> T- , C P U 8 1 IJXf'?yi 7 1 5 (C it A t 5 , ± |E $k 5 1 5lf iSi 5 2 C^o t^f 
S&r 1, r 2 i*ii-Pii**4 k t (>i:>' S<xf 7^ 1 7 2 0 T ± IB ifc 4 9 5ffi 
Eft5 0i:ttoTl6Sft»iwl (k) , w2 (k) £ it ix * # & 0 ft U , A t 14* 
- * > 0)9tMSW ( BP *> , 8msec) *C, C P U 8 1 li^f ? 7"1 7-2 5 

K it * , 11 5i:f Lfcf-7;l/tRi:f-7*i:, tfr f E Id & St & fi w 1 (k) , w2 ( 20 
k) Oft (wl (k) + w2 (k) ) iifflVtSllti77D-^-H l^llltt 
4f**iti:*^<^n5' h^aiS^^SiES (ffi^iSA^^stfi) mt e s £ * *i> £ 0 
[0157] 

c cpus i (± 7. 7- y ~f i 7 3 o c i ^ r , frie^ny b>u»ift£*cifc*mt e s 

ibf SiSA^^ilm tAFMt«C^:tt*fiiSA (k ) Utl&ltJ i H I:, St 
<Af ?7" 1 7 3 5 (:T, f©l^-e« ( m M <D ) fiil&fS umSA (k-1) \Z W 

te <is m s a (k) *jnAfcfs**r;fcfc (^h«) ffi^»^ttSumSA (k) t l t 12 
i- £ o 

[0158] 

^ v» "C , CPU8 Hill 8 O x -r y 7" 1 80 5 K it A, T IS 1 0 CSLfcf - 7")H: B C 30 
f-7*c, 51 B# A j*» £ #r 5e B# W T 0 t£ tt & «0 B# M t U is tt * Ji 5e * n y h iV ^ )V7 ffl 

0 t t * fflv»TSI[*«»cC t ( 0 t ) cUDif A t (H) OStCt ( * t ) - At 
(at) £ * * 4 o 

[0159] 

V» t? , CPU8 1 It^f 7^1 8 1 0 C i * , |W| * r" y 7* 1 8 1 0 CT±Et 5 3, X 
IUES5 4i:Lfcf oT^Dy h A'fljl^jKXtm t *tt*t4. CKOft^T* ft-ffi $ ft 
£ X n •;/ h >u 7* _t sfc E # P a , SlCftailT a li, * ti -f tv 7C Eh -b > -9- 6 3 , £. 
tfi&Sm-b > * 6 2 *» ib JR» $ ix* o * rt: , KSf rt^^E^Pm (k-1) , R VW.n 
ffrt^^zajSTm (k-1) l±, m M <n> * )V - f- > #MtB# K 13 v> T f£ i£ -f 2> X t- y 7* 1 8 

1 5i:T**tfitiPm (k) , £ T m (k) "C * •) , flSMmfrltSumSA (k) 40 
li Aft IB * T-. ? 7" 1 7 3 5-C*»^>*tfc«-p**o 

[0160] 

*i:CPU8 1 li^f 7 71 8 1 5 U Ji * , ± IB & 1 7 R IT ± E * 1 8£»^LT8liHt; 
L£TlSiSc5 7£U f TfB&5 8USo*v>Tg£^« : rt£^JE:frPm (k) % S^t^f fl^ 
^iajgTm (k) X x y 7* 1 8 9 5UjHAT?:*:/l'-f->'*— .l.»T-t-*o ft 

£ , T IB 15: 5 7 #. & 5 8 tc £ ^ T , A t li$*-f (IP*,, 8msec) 

f*4o 

[0161] 

[t57] 
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-flU-OO = (k-1) + At -5- (mt(k-1)-mcAVE(k-1)) 

Tm Tm Vm 

[0162] 
5 8 ] 

Pm(k) = Pm (k-1) + At AC -?-(mt(k-1)Ta-mcAVE(k-1)Tm(k-1)) 

Vm 

[01631 
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